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GENERAL INTRODUCTION 
The increasing usage of transition metal species in homogeneous 
catalysis in industrial chemical processes has stimulated the growth 
of the twin fields of organometallic chemistry and catalysis of organic 
reactions (1, 2, 3). Among the fundamental research interests in these 
areas has been the investigation of metal-carbon bond reactivity to 
understand its basic chemistry. The kinetic and mechanistic studies 
of metal-carbon bond chemistry, therefore, is one of the indispensable 
aspects. The objective of this dissertation is to study the kinetics 
and the mechanisms of some reactions pertaining to organochromium and 
organocobalt complexes and related compounds. 
This thesis consists of two independent parts. The first chapter 
deals with the reactions of selected a-substituted carbon-centered 
radicals, which are produced by an organochromium complex undergoing 
homolytic cleavage of its metal-carbon bond, with vanadium(II) ion and 
with a macrocyclic cobalt(II) complex. The second chapter presents 
a study of the decomposition of organoperoxycobaloxime complexes in 
acidic aqueous media; the latter work has been published in 1981 (4). 
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PART I. REDUCTION OF SELECTED ALIPHATIC RADICALS BY 
THE VANADIUM(II) ION AND BY A MACROCYCLIC 
COBALT(II) COMPLEX - A KINETIC STUDY 
BY A NOVEL METHOD OF CHEMICAL COMPETITION 
3 
INTRODUCTION 
Background 
Organic free radicals have long been considered as important reac­
tive intermediates in organic chemistry. Today, their importance in a 
variety of metal-catalyzed organic reactions as well as the reactions 
of organometals is well-recognized (1). Many catalytic reactions under­
going chain processes or homolytic (one-equivalent) pathways rely on 
these metastable paramagnetic transients for facile reactions. Further 
interest in the study in organic radicals may be attributed to the in­
crease of chemical sophistication, which makes possible the direct ob­
servation, characterization, and even isolation of these transient 
species of short-life time. 
Over the last decade, one of the widely used techniques to generate 
various aliphatic free radicals has been pulse radiolysis (5). The 
radiolysis of water caused by impinging a pulse of high-energy electrons 
onto it can be summarized by Reaction I-l, where 
4.0 H„0 -^ vvvv-> 2.6 e" + 2.6 ÔH + 0.6 H- + 2.6H'^  + 0.4 H_ 2 aq 2 
+ 0.7 HgOg (I-l) 
the coefficients express the units of molecules of each species 
destroyed or formed per 100 eV of energy absorbed by the water, and are 
called G-values. In nitrous oxide saturated solution, [NgO] ~ 2 x 10 ^  
at pH > 3, the hydrated electrons are transformed into hydroxyl radicals 
in a yield of ca. 90%, and the rest into hydrogen atoms. 
4 
®âq + ^ 2° ~—^ 2^ + k = 8.7 x loV^ s'^  (1-2) 
e' + k = 2.3 X 10^ °m"^ S"^ (1-3) 
aq 
In the presence of the selected organic solutes having at least modest 
solubility (> '^  0.IM), the generation of particular carbon-centered 
radicals may occur via hydrogen atom abstraction from the substrate upon 
the reaction with hydroxy1 radicals or hydrogen atoms. One example is 
the 2-hydroxy-2-propyl radical^  derived from 2-propanol. 
(CH^ )2CH0H + -OH/H. > •C(CH^ )20H + H^ O/Sg (1-4) 
This method produces a "spur" of radical at a concentration, typically 
10 to permit direct detection. This concentration is high enough 
that the radical is largely subject to fast self-reactions, which generally 
are dimerization and/or disproportionation. Only the latter one occurs 
9 -1 -1 in the case of 'C(CHg)20H, however, with the rate constant 1.4 x 10 M S 
(6) .  
2 .0(09^ )208 > (CH^ )2CH0H + (CH^ )2C0 (1-5) 
Because this radical is subject to rapid self-reaction, direct kinetic 
determinations are limited to substrates which react with it quite 
rapidly. In practice, the techniques of radiation chemistry applied 
to aliphatic radicals are limited to reactions which have k > 3 x lO^ M  ^
(7). 
R^eferred to by Chemical Abstracts as 1-hydroxy-1-methylethyl 
radical. 
5 
New Application of Organochromium Complexes 
With this point in mind, a chemical method was used to provide a 
ready source of the carbon-centered radical in acidic solution based on 
2+ the pentaaquo-(organo)chroiaivun(III) cations, (H^ OOgCrR , in which R 
represents alkyls, aralkyls, haloalkyls, hydroxyalkyls, and alkoxyalkyls, 
etc. This class of complexes has recently been reviewed (8). A 
particular one shown below, (H^O)^CrC(CH^), 
OHg 1^* 
H2O @ 9^-OH 
HZC/T CH3 
HjO 
produces the aforementioned 2-hydroxy-2-propyl radical. It is now used 
for illustrating the chemistry of organochromium complexes, not only be­
cause it shows typical behavior in its homologous series, but also because 
it is the main reagent of this study owing to its unique kinetic character (9). 
2+ 
The (H20)^ CrC(CH2)2OH complex is me tastab le and is subject to 
decomposition by two parallel routes simultaneously. One of them, 
called acidolysis, is a reaction consisting of heterolytic cleavage of 
the chromium-carbon bond (10). 
(H20)^ CrC(CH2)20H^ ''" + > CrCH^ O)^  + (CH2)2CHOH 
(1-6) 
6 
It follows the rate law 
d[CrC(CH^ )gOH^ '^ ] 
dt = k^ [CrC(CH3)20H^ '^ ] (1-7) 
with a rate constant given by 
l^A ] (1-8) 
where = (3.31 + 0.10) x 10"V^  and k^  = (4.91 + 0.71) x 10"V^ S'^  
at 25.0°C, n = l.OM (7). The acidolysis may be understood as an electro-
philic process with the pH-independent pathway occurring by intramolecular 
proton transfer 
(H20)gCrC (05^ )205^ "* 
HO- •H 2+ 
(Hg0)^ Cr""C(CHg)20H 
2^° 2+ (H^ O)^ CrOE 
+ (CH2)2CH0H 
(1-9) 
and the pH-dependent pathway using H^ O^  as the attacking electrophile 
2+ B3O+ 
(H20)^ CrC(CH^ )^ 0H + 
•OH2 3+-
( ti.u) -Cr U( Cti_ » ,uti 
Z 3 ' s /. 
2^°  ^
> Cr (K„0">, 
Z D 
+ (CE )GCE0H 
(I-IO) 
2+ 
Another route leading to the decomposition of (H20)^ CrC(CH2)20H 
is a process with the homolytic dissociation of the chromium-carbon bond 
as the rate-limiting step. Homolysis, actually the reverse of the reac­
tion used for its preparation, produces chromium(II) ion and the 2-
hydroxy-2-propyl radical: 
7 
(Hg0)gCrC(CHg)20a^  ^+ H^ O < > CrÇH^ O)^ "^  + -CCCag)^  ^(I-ll) 
The hemolytic decomposition pathway may be totally suppressed by the 
2+ 
recombination reaction with the presence of only a small amount of Cr , 
-4 2+ typically ~ 10 M. This amount of Cr often remains from the prepara­
tion of the complex, or it can accumulate from the hemolysis itself, 
2+ but usually Cr is deliberately added to the solution. The hemolysis 
is brought to completion on the other hand when any one of certain 
2+ 
oxidizing agents is present. Such a reagent can be Co(NH^ )^ X (X = F, 
CI, Br), 2^^ 2' ^ Cc., which scavenges Cr^ "*" and/or •C(CH2)20H. 
Such an oxidizing agent must not react with the organochromium complex 
itself. 
As a consequence, this system of organochromium constitutes a 
2+ 
chemical kinetic switch: the addition of Cr shuts the hemolysis off 
and leaves the acidolysis to proceed alone; en the other hand, the ad­
dition of an oxidizing scavenger turns on the hemolysis to occur along 
with the acidolysis. This is depicted in Figure I-l by a stap-function 
plot (7). 
A new application of the reversibility of hemolytic dissociation of 
2+ (H20)^ CrC(CH2)20H was recently adopted for the studies of competitive 
kinetics. This complex provides a facile source to generate a low 
concentration of the '0(02^ )202 radical at a controlled rate. Under 
these conditions. Reaction 1-5 does not prevail. If a certain substrate 
2+ 
S, whose reactivity toward Cr is negligible, reacts with •C(CH2)20H, 
the scheme based on the chemical generation of the radical is thus 
the following 
8 
I I I I I / I I 
60 40 20 10 
J_JL 
•I0'[cr^ ] 
kob,/s-«-
0.16 
0.14 
0.12 
_/ a 
/ X X g fl ^ —o-2_e (m oo u o 
• 
-o-
lCl 
I • ' 
0.005 
0.004 
0.003 
_i—1 III. -1 I L I I I I L_L 
/M 
5 10'20 40 60 
I0'[0]/M 
Figure I-l. Illustrating the iump in rate constant for decomposition of 
(H20)5CrC(CHg)20H2+ from solutions containing added Cr2+ 
(left, where only acidolysis is important), to experiments 
(right) containing various oxidizing scavengers for Cr"^ '"" and 
•C(CH2)20H. The latter include points for Co(NSo)(©), 
CO(NH3)5C12+ (O), Co(mg)gBr2+ (®), V0^ + (O), and HgOg (X). 
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Scheme I-l 
CrC(Cag) «=? Cr^ "^  + • CCCH^ ) ^OH (I-12) 
Cr 
kg 
S + .C(CHg)20H > Product(s) (1-13) 
With the steady-state approximation for ['C(CH^ )^ OH], the analysis of 
the net rate of loss of (S^ O)^ CrC(CH^ )affords the value of 
(kj^ s)/kcr- Since the values of kg and k^  ^for this specific organo-
chromium complex have been independently measured, the desired rate 
constant, kg, for the bimolecular Reaction 1-13 can be evaluated. 
New Chemistry of Selected Radicals Based on the Competitive 
Kinetics of the Organochromium Complexes 
The 2-hydroxy-2-propyl radical has been extensively investigated 
using radiation techniques (11) and has been long known to be a 
strong reducing agent (12, 13). 
•C(CH2)20H = (CH^ )gCO + + e" = 1.2V (14) (1-14) 
Its chemistry, however, exhibits fascinating diversity. Recently, the 
3+ kinetics of the reduction of Co(NE^ )^  and related complexes by 
•C(CH2)20H has been studied. In acidic solutions, they are too slow 
to be measured by pulse radiolysis. With the new method of chemical 
3+ 
competition, the rate constant for Co(NH2)g was found to be 
4.1 X loV^ S"^  (7). 
Another class of reactions involving the same radical includes the 
10 
coupling reactions with benzylcobaloxime or alkylcobaloximes. They 
yield the coupled products, (CH^ )^ OH and RC(CH^ )^ OH, respectively. 
The kinetics of these reactions were also studied with a modified 
competitive method (15, 16). 
In addition, the «0(05^ )208 radical also acts as an oxidizing 
agent. Almost all reactions of this category involve strongly reducing 
metal ions or complexes, and are believed to occur via metal-carbon bond 
formation. One of them, which has been demonstrated before, is its 
2+ 
reaction with labile Cr . The chromiwm(II) ion is oxidized by 
'(CH^ )20H to yield a metastable organochromium(III) intermediate which 
ultimately decomposes with the assistance of acid to the thermodynamic 
By­
products Cr and (CH2)2CH0H. This reaction, termed acidolysis, has 
been discussed previously. Equations 1-6 to I-IO. 
0,:+ + -?=» Cr":-c(a,,);OE cr^  + 
(1-15) 
Several other reducing species considered to react with -0(05^ )205 in 
the same fashion are Fe""'" (17), Ni"^  (18), Zn"^  (19), Cd"^  (20), Pb"*" (21), 
and possibly Cu"^  (22). 
One of the themes in this chapter is to investigate the chemistry 
2+ between *0(^ 2)2011 and V . The vanadium(II) ion is strongly reducing 
(E° = - 0.26V vs. NHE) . But V^ "*" is a d^  substitution-inert species, 
2+ 
hence, the displacement of the H2O coordinated to V by •C(CH2)20H 
to form (E2O)^^€(0%^)is disfavored. The analogous reaction of 
2+ 
VÎH^ O)^  with methyl radical has been explored by Gold and Wood recently 
(23). The discovery of methane as the major product, although in a 
11 
2+ low yield (~ 25%), suggested the oxidation of Vg by «CH^ . The 
occurrence of a seven-coordinate organovanadium intermediate was pro­
posed; however, no evidence was obtained to support it. Another re­
lated system is the rapid reductive coupling of aralkyl halides by 
V^ (^Py)^ Cl2, in which the intervention of [R-V(III)] species was 
also mentioned, but still without direct detection (24). 
The kinetic inhibition technique affords a useful method to 
determine the rate constant of the bimolecular reaction between 
2+ 
V(HgO)^  and '0(05^ )^ 011. The isotope effect was also examined by 
2+ 
conducting the kinetic experiments in DgO. The deuterated V also 
provided information about the organic product by GO-MS analysis. 
2+ 
The inorganic product resulting from the reaction of VCKgO)^  and 
"0(03^ )^ 011 was kinetically analyzed. The analogous reaction between 
V(HgO)and 1-ethoxyethyl radical, 'CH(CH^)OCgHg was studied in the 
2+ 
same manner by using the CrCH(OH^ )OO^ H^  complex. This system 
provides a more definitive product analysis and an opportune compari­
son for the reactivity of radicals. With all these more detailed 
studies, further insight into the mechanisms of this kind of reactions 
may be gained. 
Organocobalt(III) complexes have been attracting considerable 
research interest since vitamin was found to contain a cobalt-
carbon bond. Many of these compounds containing multidentate (often te 
dentate, sometimes pentadentate) nitrogen-coordinatedmacrocyclic ligands 
have been made and found to be stable (25). Among a variety of their 
synthetic routes, there is one which is similar to the formation of 
organochromium, in which organocobalt is formed by capture of a free 
12 
radical by a macrocyclic cobalt(II) complex (26, 27). 
Some other organocobalt(III) complexes, such as a-substituted 
alkylcobalt compounds, are extremely unstable, so that they can only 
exist as transients. These complexes are nowadays of interest for 
their possible roles as intermediates in the Fischer-Tropsch processes 
(28). Elroi and Meyerstein have reported the studies of the formation 
and the decomposition for a series of a-substituted organocobalt(III) 
complexes of the macrocyclic ligand Me^ [14]dieneby pulse radiolysis 
(27). Their formation rates from Co^ (^Me^ [14]dieneN^ )^  ^and free 
radicals have been measured. The formation of the 2-hydroxy-2-propyl 
complex, however, occurred too slowly and the rate constant could only 
7 -1 -1 be estimated as < 1 x 10 M S . Tait, Hoffman and Hayon studied the 
similar chemistry by the similar techniques (29) and found that the 
Co^ (^Me^ [14]l,3,8,10-tetraeneN^ )^  ^complex was reduced by 'C(CH^ )20H 
to give the Co(I) complex with a rate constant 5.5 x lO^ M No 
attempt was made to monitor the organocobalt(III) transient. The 
rates of reduction of Co^ (^Meg[14]4,ll-dieneN,)^  ^and Co^ (^Me^ [14]4,14-
2+ dieneN^ ) by the same radical were not measurable by pulse radiolysis 
because of their sluggishness (< lO^ M )^. 
II 2-r 
The investigation of the reactions of Co ([14]aneN^ ) , which is 
illustrated below, with both -C(CH^ )^ OH and "CH(CH2)0C2H^  radicals 
constituted the second theme of this chapter. Accurate determinations 
of their rate constants, again, were made by the competitive kinetic 
method. Product analyses and the examination for the organocobalt(III) 
intermediates were also studied to seek further understanding of their 
reaction mechanisms. 
13 
HgC-
h' 
«2 
"29 
9-2 
.H 
H 
N N, 
CH2 
-CHo 
HgO H 
HgC, 
Hz 
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EXPERIMENTAL 
Materials 
Pentaaquo(organo)c'hromii3m(III) complex solution 
Almost all the pentaaquo(organo)chromium(III) complexes are formed 
through the capture of a carbon-centered radical by a chromium(II) 
ion (8). 
CrCHgO)^  ^+ .R > (H20)^ Cr-R^ '^  + H^ O (1-16) 
Any method which suitably supplies free radicals is employable for the 
Im­préparation of (HgO)^ CrR complexes. Two chemical methods have been 
used in this study, as follows. 
"The modified Fenton's reagent" method The reaction between 
2+ 
Cr and HgOg, which produces the -OH radical in a similar way to 
Fenton's reagent (30), may be carried out in a chosen solute to generate 
the desired organic radical. It hence provides the most versatile 
2+ 
method of making various (H^ O)^ CrR complexes according to Equations 
1-17 to 1-19 
Cr^ "^  + H2O2 ——> Cr^  + H^ O + -OH (1-17) 
•OH + RH > .R + H^ O (1-18) 
Cr^ "^  -f -R > Cr-R^ "*" (1-19) 
For example, CrC(CH^ )20H^  ^and CrCH()OC2^ ^^  may be acquired by con­
ducting this reaction in O.OIM perchloric acid with the presence of 
2-propanol at IM or diethyl ether at the saturated concentration 
15 
(~0.5M), respectively. 
The 2-hydroxy-2-propyl complex is so unstable that it has to be 
made and studied iji situ or used immediately after the preparation. 
2+ 
The yield of CrC(CH^ )20H has never exceeded 70% of the theoretical, 
because of the concurrence of several side reactions. The reaction of 
2+ 
Cr and consists of a one-electron redox pathway ^ ich is of major 
importance (~ 90%), producing 'OH as Equation 1-17, and a direct two-
electron pathway (31). The hydroxyl radical can abstract hydrogen atom 
from the (y-carbon, the P-carbon and the hydroxyl group of 2-propanol 
to give respective radicals with the relative yields shown (6) 
.c(CH2)20H + H^ O (1-20) 
•OH + (CH^ )2CH0H { 13.3%^  .CH2CH(CH^ )0K + H^ O (1-21) 
.008(082)2 + HgO (1-22) 
The small amount of the oxygen-centered radical is negligible. With 
the presence of at least another equivalent of Cr^ ,^ the other two 
carbon-centered radicals couple with Cr^  ^to form the corresponding 
organochromium complexes. The P-substituted complex is extremely un-
3+ 
stable in acidic solution, however, and decomposes to Cr and propene 
2+ 
within the time of mixing (32,33), leaving CrC(CH2)20H in the solution 
as the major product. 
This preparation also requires a large concentration of 2-propanol, 
2+ 2+ 
such that [2-propanol] / [Cr ] >50, to minimize the competition of Cr 
9 -1 -1 
reacting with •OH according to Equation 1-23, k.22 being 4.8 x 10 M S 
(34), which is comparable to that of Equation 1-20, being = 
16 
2.2 X 10(34). 
if 
04- V1 9+ 
+ -OH—^ CrOH (1-23) 
The CrCS(CH^ )OC^ H^  complex is stable enough to be chromatographed 
on a Sephadex C-25 column anaerobically with slightly acidic 0.25M of 
NaClO^ . The isolated organochromium solution can be kept at -10°C for 
about two weeks under a nitrogen atmosphere. 
Reactions of chromium(II) and organic halides The benzyl-
chromium(III) complex has been prepared by the reduction of benzyl 
bromide with chromium(II) ion (35, 36). The overall process consists 
of two steps, bromine atom transfer followed by the capture of benzyl 
radical: 
Cr^ "^  + PhCa^ Br > CrBr^ "^  + PhCH^ - (1-24) 
Cr^ "^  + PhCh^ - > PhCH^ Cr^ "^  (1-25) 
2+ 
The reaction may be done by injecting two equivalents of Cr into one 
equivalent of PhCH^ Br dissolved in aqueous acetone. The resulting 
benzylchromium ion can also be purified by column chromatography. 
(1,4,8.11-tetraazacvclotetradecane)cobalt(II) perchlorate solution (37) 
2+ 
The macrocyclic complex, (H20)2Co([14]aneN^ ) or cobalt(II)-
2+ (cyclam) , can be made by mixing equimolar quantities of Co , [14]ane«^ , 
and HCIO^  under a nitrogen atmosphere. No attempt at isolation of this 
complex was made because of its extreme oxygen sensitivity. Its concentra-
- 1  - 1  tion was determined spectrophotometrically at 465 nm (e = 22 M cm ), 
The maximum concentration of this solution throughout this study was 0.05M. 
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2+ The perchlorate solution of Co was obtained by chromatographing 
CoClg on a Dowex 50W-X8 ion-exchange column. The [14]aneN^  ligand was 
purchased from Strem Chemicals, Inc. 
Vanadium(II) perchlorate solution 
Solutions of vanadium(IX) were prepared by the reduction of vanadyl 
ion with zinc amalgam in an acidic aqueous solution. Two moles 
of hydrogen ion are also required to reduce one mole of 70^ + 
ion. The V0(C10^ )2 solution was made from VOSO^  by the ion-exchange 
technique. Its concentration was spectrophotometrically measured at 
X 760 nm (e = 17.2 M ^ cm and used as that for V^ "'" solution. The 
max 
concentration of H*" was determined by titration of the eluent from ion 
exchange with standard base. 
2+ 
A solution of VO was concentrated twice in D^ O to 1/4 of the 
original volume to give > 99% of deuteration. The reduction of this 
2+ 
solution formed V(D 0), . 
z o 
Chromitim(II) perchlorate solution 
2+ Solutions of Cr were prepared by the reduction of chrofirm(III) 
perchlorate with zinc amalgam in acid. 
Miscellaneous 
2.3-dimethvl-2-butvl hydroperoxide The oxidation of 2,3-dimethyl 
2-butanol by 5^ 02 in acid gives the hydroperoxide (38) 
(1-26) 
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Essentially the same method was used to prepare 1-phenyl-2-methyl-2-
propyl hydroperoxide (PhCH^ C(CH^ )^ OOH) (39). 
Methods 
Characterization 
Inorganic reagents All of the solutions of the metal ions or 
complexes were characterized with UV-visible spectroscopy and showed 
values consistent -with the literature data (Table I-l). 
Analysis 
Inorganic product In the reaction of CrC(CK^ ) with 
3+ 2+ the product, V ion, was analyzed by studying its reduction by Cr 
A solution of CrC(CH^ )^ OH^  ^was made first by mixing 0.0354M ^ 2'^ 2' 
0.0708M Cr^ ,^ IM 2-propanol and 0.0615M HCIO^  in a total volume of 
5 mL. Immediately after the preparation, 3 ml of this organochromium 
2+ 
solution was transferred into 7 mL of 0.179M V solution containing 
0.65M K*". The mixture was allowed to react at 25.0°C for 3 minutes 
(~ 5 half-lives). Then, 9 mL of the resulting solution wsk"added into 
a 5 cm cylindric cell which had 5 mL of 0.0853M Cr^ " and 1,330M HCIO^ . 
This solution was monitored at \ 408 nm at 25.0°C. Both the ab-
sorbance change and the reaction rate were determined and compared 
3+ to the calculated values known to apply to V . 
Separation of organic products Organic products were separated 
from aqueous or semi-aqueous reaction solutions first, then identified. 
Two separation methods were chosen according to the solubility of the 
organic products in water. 
Table I-l. ITie UV-visible spectroscopic data for some inorganic reagents 
Absorption 
Compound Solvent \ /nm ( e/M-lcm'l) max nm (e/M"^ cm"1) Reference 
(H20)^ CrC(CH3)2 HgO/Z-propanol 407(700) 311(2500) 32, 40 
(H20)^ CrCH(chg)0C2H2+ *2° 396(468) 290(2270) 32, 40 
H^ O 850(3.22) 558(4.44) 364(~ 2) 41, 42 
HgO* 586(5.47) 396(8.07) 
m
 
w
 
HgO 760(17.2) 43 
(H^ O)2Co( [ 14] aneN^  ) H2O 465(22) 316(16.5)^  44 
[^H+1 = 0.8M. 
T^his absorption sometimes appears as a shoulder. 
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Owing to the miscibility of 2-propanol and acetone with water, 
their extraction is almost impossible. An XAD-4 resin which has a 
strong affinity for organic material was used for the separation 
(45). A column packed with a 1 cm x 20 cm XAD-4 s or bent bed was washed 
with methanol, then followed by distilled water several times. Acetone 
or 2-propanol at 10 mmol level in a 10 mL aqueous solution may be ef­
fectively sorbed on the column. The water phase was removed by aspira­
tion. The organic components then were completely eluted off the column 
with 10 mL of chloroform or ether, and ready for analysis. 
The less water soluble products such as acetaldehyde and diethyl 
ether were simply extracted with CHCl^  directly from reacted solutions 
and analyzed. 
GLC analysis Acetone, diethyl ether, and acetaldehyde were 
identified on a 5% FFAP column, using a Perkin-Elmer 3920B instrument 
with a FID, by the comparison of the authentic reagents. On a non-
polar capillary column, 2-propanol in chloroform could be detected with 
a Varian 3700 instrument. The column tsniperaturs ::as set at 50 + 10°C 
and the samples were chromatographed isothermally to give better separa­
tion of the small volatile compounds from the solvent (chloroform), ex­
cept that 180°C was applied for the detection of pinacol. 
HPLC analysis Acetone was also directly detected in the reacted 
solutions without separation. The aqueous samples were injected into 
a micropak MCH-10 30 cm x 4 mm reversed phase column installed in a 
Varian 5060 HPLC instrument. The chromatography was done with an 
eluent of 90% H^ O-10% CH^ CN at a flow rate of 1 mL/min. with 48 atm 
pump pressure. It was detected with a UV-50 detector at \ 260 nm. 
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GC-MS analysis The identification and quantification of 2-
propanol and diethyl ether were also done with a Finnegan-90 GG-MS 
instrument equipped with a nonpolar capillary column by the Instrument 
Service group. 
Kinetics 
The conventional spectrophotometric method was employed for the 
investigation of the kinetics. The decomposition of the organochromium 
complexes was monitored with time by following the decrease in the ab-
sorbance at their maximum absorption wavelength. The immersion of the 
spectrophotometric cell in a water bath in a thermostated cell holder 
which was installed in the sample compartment of a Gary 219 spectrometer, 
maintained constant temperature throughout the course of the reactions. 
The ionic strength of the reaction solution was brought to a constant 
value by the addition of LiClO^ , 
2+ 
In a typical run for the reactions of GrGH(CKg)0C2Hg , a mixture 
of the desired amount of Gr^  ^and (or Go^  ^([ 14] aneN^ )with the 
required concentrations of HGIO^  and LiClO^  in a 2 cm cuvette was 
deaerated with for 15 minutes and then thermostated for the same 
period. The reaction was initiated by the injection of a small amount 
2+ 
of GrCH(CH2)OC2H^  . The absorbance at \ 396 nm was recorded as a func­
tion of time. 
2+ 
The CrC(GH2)20H complex was prepared situ and the kinetic 
measurements were performed in solutions also containing 2-propanol. 
In a 2 cm cuvette, a solution containing 2-propanol, perchloric acid 
2t 
and lithium perchlorate was deaerated first. After introducing Gr 
i 
I i i 
! 
i 
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into the cell, it was brought to 25.0°C in the cell holder. The in­
jection of with shaking the cell instantaneously produces yellow 
2+ 2+ CrC(CIIg)20H . The immediate addition of pre-thermostated V or 
2+ Co([14]aneN^ ) initiated the reaction which was monitored at \ 311 nm 
or \ 407 nm. 
The isotope effect for the reaction of CrCCCH^ ) 2^ ^^ "'" and V^ "*" 
was determined by using vanadium(II) in 92% D^ O for the kinetic 
2+ 
studies. A small volume such as 0.5 mL of premade CrC(CHg)20E 
(~ 5 X 10 ^ M) with excess Cr^ "*" was injected into 5.50 mL of ca. 0.078M 
2+ VCD^ O)^  solution at 25.0OC, and the reaction was monitored as before. 
All of the kinetic runs were studied under pseudo-first-order 
conditions. The data were analyzed by a nonlinear least-squares 
program. 
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results 
Product Analysis 
The reaction of vanadiumCII') with the 2-hvdroxv-2-propyl radical 
Organic products The result of HPLC analysis for the reacted 
solution was compared to that of authentic aqueous acetone and 
no acetone was detected in the sample. The GLC analysis showed 
that 2-propanol was the only significant organic species in the product 
solution. One cannot arbitrarily conclude that 2-propanol is the product, 
however, because that reaction itself was conducted in a solution con­
taining 2-propanol. In order to discern whether and how 2-propanol was 
formed in the reaction, an experiment was carried out in DgO. 
2+ 
A mixture of 0.521 mmol of H^ O^ , 1.04 mmol of Cr , 10.06 mmol 
of 2-propanol and 0.8 mmol of HCIO^ , having a total volume of 10 inL, 
2+ 
was brought together to make CrC(CH^ )20H . To maximize its yield, 
the local concentration of 2-propanol during the mixing must be high 
2+ 
and those of Cr and H^ Og must be low, so that -OH will predominantly 
2+ 
react with 2-propanol instead of Cr ; and is used to initiate -OH 
instead of oxidizing 'C(CHg)^ OH or CrC(CE^ )This was done by 
2+ injecting acidic and Cr simultaneously into 2-propanol reagent 
at a steadily controlled speed. The resulting brown color indicated a 
good yield of CrC(CH^ )^ 01^ .^ A volume of 3.4 mL CrC(CE2)gOH^  solution 
2+ 
was immediately transferred to 21.6 mL of V solution (5.36 mmol) 
in 99% D^ O with [D^ O^ ] = O.IM under a nitrogen atmosphere. The reaction 
was allowed to go for 10 minutes at 25.0°C. The solution was chromato-
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graphed with XA.D-4 column. The organic sample then was analyzed with 
gc-ms. 
A blank was made with exactly the same procedure as above except 
that CrC(CH^ )20H^  ^was not transferred into V^ "*" until CrC(CH^ )gOH^  ^
had decomposed. Aqueous 2-propanol (0.14M) was also analyzed for the 
purpose of comparison. 
The GC-MS results confirmed that 2-propanol was the only organic 
compound in the three samples. The blank and the solution containing 
authentic 2-propanol showed the same mass spectrum whose base peak was 
at m/e 45 due to CH^ CH^ =OH ion. The real reaction system has es­
sentially the same pattern of its mass spectrum except that the peak 
of m/e 46 is significantly greater than that in the former two. The 
relative contents of m/e 45 to 46 fragments for 2-propanol in those 
three solutions mentioned before are shown by the following data. 
Table 1-2. The relative contents of m/e 45 and m/e 46 fragments for 
2-propanol 
% relative 
Samples m/e 45 m/e 46 
Authentic 2-propanol 96.32 3.39 
Blank solution 96.59 2.63 
Reaction solution 87.97 11.53 
The extra amount of the m/e 46 fragment in the reaction solution may 
+ + + 
be contributed by (CE2D)CH=0H, and/or (CH2)CH=0D. 
The last species believed to be formed by solvent exchange is negligible. 
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because the blank solution shows only the natural abundance for 
m/e 46, whose intensity is the same as that found from aqueous 2-propanol 
within the error, but no indication of deuterium exchange. The other 
two fragments are resulted from the alcohols which are produced by the 
way of Equations 1-20 and 1-21 followed by deuterium abstraction. 
The maximum possible amount of these d^ -alcohols is 0.47 mmol limited 
by Equation 1-17, and then is 4.7% of the total 2-propanol. The relative 
content of d^ -2-propanol observed is 8.9% which is a positive evidence 
of the production of d^ -2-propanol but not a quantitative explanation 
for its formation. 
Inorganic product The reaction solution was allowed to age 
anaerobically and then chromatographed on a Sephadex C-25 ion-exchange 
2+ 3+ 
column, also anaerobically. The discovery of only V , Cr and 
traces of [(HgGO^ CrOH]^  ^implies that V^ "*" behaves as a catalyst in the 
2+ 
reaction. To know the primary product for V turned out to be a 
problem. 
An assumption made is that if 2-propanol is indeed the only or-
2+ 3+ ganic product of this reaction, the oxidation of V to V is ex­
pected. The ion can be eventually reduced back to by Cr^ "^ . 
3+ The direct analysis for V is not feasible in the presence of large 
2+ 3+ 
amounts of V and Cr at low pH values (<2). Fortunately, the 
34- 2+ kinetics of the reduction of V by Cr has been studied by tspenson 
(46); a kinetic method monitoring this redox reaction hence was de­
signed to prove the assumption. 
3+ 2+ The reaction between V and Cr ions follows the rate law of 
Equation 1-27 with k = 0.710 at 25.0°C and 0.771M : 
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-  ^ = k[cr^ +] [v^ ] (1-27) 
2+ 
A certain amount of acidic Cr vas deliberately added to the reacted 
3^  2+ 
solution so that the reduction of V by Cr could obey the pseudo-
first-order kinetics. At the high concentration of hydrogen ion, this 
2+ 
reaction is slower than the hemolysis of CrC(CHg)20E . It thus 
could be studied after the radical reactions were completed. 
With the known kinetic data for the preparation and the decomposition 
of CrC(CHg)and for the reaction between and the 
instant concentrations of related species while immediately after the 
2+ 
addition of Cr were calculated to be as follows, assuming the reaction 
occurs as shown in Scheme I-l: [Cr^ ]^ = 3.43 x 10 [V^ ] = 3.8 x 10 
[Cr^ ] = 9.84 X 10"^ M, [V^ "^ ] = 7.65 x lO"^ , [H^ ] = 0.771M, and [2-
-2 -1 propanol] = 0.19M. The apparent rate constant observed was 2.56 x 10 S 
-1 -1 The second-order rate constant thus was determined to be 0.746 M S 
-1 -1 
which was in good agreement with the calculated value (0.710 MS) 
with an error of only 5%. 
3f The absorbance change at X 408 nm for the reaction between V 
2+ 
and Cr was measured in a 5 cm quartz cell to be 0.17. Since the 
ultimate concentrations of all the remaining species can be determined 
3+ 2+ 3+ 2+ by calculating the loss of V and Cr , and the gain of Cr and V , 
being [Cr^ "^ ] = 3.05 x lO'^ M; [V^ ] = OM; [Cr^ ] = 1.37 x lO'^ M; [V^ "^ ] = 
8.03 X 10 ] = 0.771M, the overall absorbance change at X 408 nm 
is 0.18 by using = 15.6 M ^ cm ^  (Cr^ ); 7.62 M ^ cm ^  (V^ ) ; 
1.30 M"^ cm~^  (V^ )^; and 0 M ^ cm ^  (Cr^ )^. Again, it is consistent with 
the experimental result with an error < 6 % .  The vanadium(III) ion 
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2+ is confirmed to be primary product of the reaction of V with 
.c(chg)goh. 
The reaction of vanadium ("ID with the l-ethoxyethvl radical 
The reaction was conducted in an aqueous solution instead of a semi-
aqueous solvent so that the product is the only organic species in the 
resulting solution and can be analyzed without interference by the 
=24' 
2+ 
organic co-solvent. The CrCH(CH„)OC„H(. complex reacts almost ex-
2+ 
clusively with V , because its acidolysis is so slow as to offer but 
a small background. 
A mixture prepared with 3 mL of 2.06 x 10 CrCH(CH^ ) 
in H^ O and 2.4 mL of 0.326M VCD^ O)^ "^  and 9.25 x lO"^  DCIO^  in D^ O 
was left to react at 25.0°C under a nitrogen atmosphere for four 
hours. The solution at 45 mole-% deuterium then was extracted with 
three portions of distilled chloroform with a total volume of 5 mL. 
The organic extract was analyzed on GC and found to contain only 
diethyl ether. Its yield was 90% of the theoretical, determined by 
comparison to an authentic sample of diethyl ether. The GC-MS 
analysis was used to quantify the level of deuterium enrichment for 
both the product and the standard. The relative intensities for the 
+ 4 
major fragments whose identities could be CH^ CH^ O (m/e 45), CE^ CH^ OCH^  
(m/e 59), the molecular ion (m/e 74) and their corresponding P + 1 
species are shown in Table 1-3. The relative contents of m/e 60 to 
m/e 59 and m/e 75 to m/e 74 for the authentic ether are 3.17/96.8 and 
13 4.45/95.6, respectively, consistent with the natural abundance of " C, 
being (1.1/98.9) x (number of carbon atom in the fragment). The 
28 
Table 1-3. The selected GC-
and the product 
-MS data for the standard of C^ HgOC^ Hg 
Ordinary C^ H^ OC^ H^  Product 
m/e Relative °L (P + 1)/P" Relative % (P + 1)/P 
45 79.77 97.8 91.78 96.6 
46 _b (2 .2 )=  3.20 3.37 
59 100 96.8 100 93.1 
60 3.27 3.17 7.44 6.92 
74 60.17 95.6 66.03 92 .6  
75 2.80 4.45 5.31 7.44 
T^he relative content of fragment P + 1 vs. fragment P. 
T^he value is too small to be evaluated, 
c 13 The value is calculated according to the C natural abundance. 
analogous value for m/e 46 to m/e 45 is not available, but can be 
reasonably estimated as 2.2/97.8, because the responsible fragment for 
m/e 45 is CH^ CHO"'" containing two carbon atoms. The extra contents of 
m/e 75, m/e 60, and m/e 46 for the product are 3.0/100, 3.75/100, 
1.17/100, respectively. Since 'CH(CH2)0C2H.^  abstracts the deuterium 
atom at the a-carbon to give CH^ CHDOC^ H^  in the reaction, the molecular 
ion (CH^ CHDOC^ H^ ) and the fragments of m/e 60 (CH^ CHDOCH^ , CH^ CH^ OCHD"'") 
ought to show full amount of deuteration of ether no matter how they 
are formed. But the fragment of m/e 46 only show 50% of the deuteration 
of ether, because either a C2H^  group can be lost from ether to give 
CH^ CHDO^  or a CH^ CHD group leaves to give CH^ CH^ O^ , Therefore, the 
relative amount of the deuterated ether calculated from the extra 
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content of m/e 46 is 3.34/100. The average percentage of the a-deuterated 
ether thus is (3.3 + 0.3)%. With 45 mole-% deuterium in the reaction 
solution, and the approximated ratio of kg/k^  ~ 6 (a value determined 
for the analogous reaction of 'C(CH^ )^ OH),a 12.5% level of deuteration 
of ether was expected. The discrepancy could be caused by the H-D 
2+ 
exchange in the water coordinated to V and solvent water, but this 
point was not explored further since the quantitative (90%) production 
of ether makes the point. 
The reactions of (H2O)2Co^ (^[14]aneN^ )with radicals 
The reactions of Co ( [ 14] aneN^ ) with both CrC (CH^ ) 2^ ^^  ^and 
2+ CrCH(CH^ )OCgHg have been studied in essentially the same manner as the 
2+ 
analogous reactions of V . When the cobalt complex was added to a 
2+ 
solution of the (H^ O)^ CrC(CH^ )^ OK complex, a decrease in absorbance 
2+ 
was observed at each of the absorption maxima of CrR . The final 
2+ 
spectra indicated no consumption of Co([14]aneN^ ) . Its absorption 
in the visible region was distinctive and exceeded that of other species. 
2+ 2+ Addition of Cu and Hg to the reaction mixture resulted in a small 
increase in absorbance throughout the visible spectrum. Most of the 
absorbance changes occur at \ ~ 570 nm and X ~ 400 nm, indicating that 
2+ 3+ 2+ 
the reaction responsible is the oxidation of Cr to Cr by Hg or 
2+ Cu . Based on the measured absorbance change at X 570 nm and X 408 nm, 
3+ Cr was produced in a quantitative yield compared to the initial 
[CrC(CH^ )20H^ ''"] (47). It suggests that the chromium(II) ion results 
from the hemolysis of CrC(CH^ )g0H"' in a quantitative yield. 
2+ The product solution of a mixture consisting of CrCH(CHg)0C2Hg 
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(9.78 X 10 ^ M) and Co([14]aneN^ )^ '^  (1.96 x 10 ^ M) was found to contain 
acetaldehyde (8.9 x 10 ^ M), in 91% yield. In the reaction of 
2+ CrC(CE^ )^ OH , only acetone and no pinacol was found. 
Organocobalt(III) intermediate The spectral changes observed 
during the reactions of Co([14]aneN^ )with CrC(CH^ )^ OH^  ^and 
2+ CrCH(CHg)0C2Hg indicated only the decomposition of the organochromium 
complexes. The intermediates were detected spectrophotometrically. It was 
thought that both ( [ 14] aneN^ )CoC(CH^ ) and ( [ 14] aneN^ ) CoCa(CH^ ) , 
possibly formed as intermediates, might be too unstable to be detected 
2+ by spectrophotometry. The reactions between Co([14janeN^ ) and PhCEg' 
or (CHg)2CH', which might give the more stable organocobalt complexes 
thus were examined by two methods. 
Espenson and Martin have reported that seme cobalt(II) macrocyclic 
complexes react with tert-alkyl hydroperoxides to yield organocobalt 
products (26). 
RC(CH,)^ QOH + (Co^ )^ >RC(CH^ )y3' + (Co^ ^^ )OH (1-28) 
RC(C%2)20. > R. + (CEg)2C0 (1-29) 
R- + (Co^ I) » R(Co^ ^^ ) (1-30) 
The mixing of 9 x 10"^ M PhCH2C(CH^ )200H and 2.09 x 10"^ M Co([14]aneN^ )^ '^  
in 1:1 H^ O-Bu^ OH mixtiore solvent with [H^ ] = 2,5 x 10 immediately 
causes a formation of an orange species having a maximum absorption at 
X 524 nm and a shoulder at X 380 nm. The absorbance change at X 524 irni 
was 0.69 in a 1 cm cell. If the reaction was assumed to be complete. 
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with all the reactants having been converted to products, the molar 
-1 -1 
absorptivity at X 524 nm could be evaluated as 76 M cm . This value 
is very close to that of CH^ Co([14]aneN^ )^ ®478 nm ~  ^ ~ 
(48)). It is very reasonable to assign this cobalt product as 
2+ 
PhCHgCo([14]aneN^ )OH^  due to the known chemistry and the similarity 
2+ 
of the spectral characteristic with CH^ Co([14]aneN^ ) . The 
2+ 
complete UV-visible spectrum of PhCH^ Co([14]aneN^ ) was never ob­
tained, since it had decomposed during purification using column 
chromatography. The analogous reaction between (CH^ )^ CHC(CH^ )2^ 03 
2+ 
and Co([14]aneN^ ) also produces a product with an absorption maximum 
-1 -1 
at \ 526 nm(e~85M cm ), which can be assigned as 
(CH^ ) gCHCo ([14] aneN^ ) . 
2+ 
The PhCH^ Co([14]aneN^ ) was also observed in the reaction between 
2+ 2+ 
PhCH^ Cr and Co([14]aneN^ ) . The growth of the absorption at X 530 nm 
2+ 
occurred during the course of the slow hemolysis of PhCH^ Cr . Un­
fortunately, increasing cloudiness of the solution caused by the pre­
cipitation cf PhCH^ CH^ PH zzds the msasurement of a better-defined spectrum 
impossible. This species had also decomposed by the time of purifica­
tion. 
Kinetics 
The reactions of vanadium(II) with radicals 
2+ 
The reaction of V with 'C(CE^ )^ OH, based on the competitive 
2+ inhibition of CrC(CHg)20H , may be written as below. 
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(a20)gcrc (€5^ )^ 02 
Scheme 1-2 
a'', sf 
 ^cr + (chg) gchoh (1-31) 
± Cr^ "^  + 'C(CH ) OH (1-32) 
"cr 
v(a^ o)g+ + .c(ca^ )20h --^  (h20)^ voh^ "^  + (ch^ )gchoa (1-33) 
where k^ , kg, k^ ,^ k^  are the respective rate constants for acidolysis, 
2+ hemolysis, bimolecular recombination between Cr and 'C(CHg)20S 
2+ 2+ 
and the reaction being explored. Since k^ [^Cr ] and k^ [V ] are much 
larger than kg, ['C(CH^ )20H] remains quite low throughout the reaction. 
With the steady-state approximation for ['C(CHg)^ OS], the decomposition 
2+ 
of CrC(CHg)20H is expressed as Equation 1-34 
d[(H 0) CrC(CH ) 0H^ +] k^  
- dt = [CrC(Ca^) 0H^ +] 
k_ [Cr^ ]^ 
1+ 
(1-34) 
2+ 2+ 
The reaction follows pseudo-first-order kinetics when [Cr ] and [V ] 
2+ 
are in large excess over [CrC(CH^ ) ], and the apparent rate constant 
is formulated: 
•'obsd = "a +  ^, 2+ «-35) 
-
2+ 2+ 
Depending on the value of the ratio [Cr ]/[V ], will vary in the 
range from k^  to (k^  + k^ ). The large difference in values of k^  
(~ 8 x 10"^ S"^  when pH >0) and k^  (0.127 S'^ , at 25.0OC) for CrC(CH2) 
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allows a wide variation of 
Rearrangement of Equation 1-35 leads to a linear relationship 
between - k^ ) ^  and [Cr^ ]^/[V^ ]^. 
(1-36) 
b^bsd " \ ^  [v^ "^ ] 
As a matter of fact, for the analogous reactions of the same organo-
chromium under a given set of condition, the plots suggested by 
Equation 1-36 have a common intercept Among the conditions to 
be specified are temperature, the concentration of hydrogen ion, and 
ionic strength. At a given temperature, is known to be independent 
of [H^ ] (1.0 X 10 - l.OM) and ionic strength (0.1M-1.5M), whereas 
varies with each but in a known manner, as shown in Table 1-4. 
9+ 
Table 1-4. The rate constants for âcidolysis of CrC(CH )„0H~ at 
25.00 + 0.05°C 
Solvent [h^ ]/m Ionic strength/M vs 
14.30 + U.Ui; X lU H20 0. 20 1.5 
H20 0.50 1.5 (7.04 + 0.24) X 10"3 
H20 1.00 1.5 (1.02 + 0.05) X 10"2 
H20 0.20 1.0 
_3a 
4.30 X 10 
H20 0.10 0.5 (4.30 ± 0.03) X 10"^  
H20 0.20 0.5 (4.64 + 0.04) X 10"^  
927o D O 0.20 0.5 (1.43 + 0.03) X 10"^  
C^alculated value from M. Shimura's data: k. = (3.31 x 10 ^  f 
4.91 X 10-3[H+]) S-1 at = 1.0 (7). 
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Figure 1-2 illustrates the plots of - k^ ) ^  vs. [Cr^ ]^/[S] 
2+ for the reactions of CrC(CH^ )^ OH with various substrates S. It indeed 
shows the linearity and a common intercept as expected. In the plot for 
S being the kinetic data determined at different ] and 
different ionic strength fall on the same line, indicating that the 
slope, kg^ /k^ k^ , and the intercept, k^ ,^ are independent of [H^ ] and 
the ionic strength. With the kinetic data summarized in Table 1-5 and 
the values of k^  under the corresponding conditions, shown in Table 
1-4, and the value of k^  being 0.127 S the ratio of k^ /^k^  can be 
directly evaluated as 241 + 6 by a nonlinear least-squares fit to 
7 -1 -1 Equation 1-35. Since k^  ^is 5.1 x 10 M S , as measured by the 
pulse radiolysis techniques (32), ky is (2.10 + 0.05) x 10^  M 
The error given is that from the fit, without considering the error of 
The latter is substantial (~ + 15%), and the same error is at­
tributed to the absolute value of kv-
Primary deuterium isotope effect Kinetic experiments for the 
reaction of •C(CH,)^ OH with were also carried out in 92% D^ O. The 
rate constant for acidolysis of CrC(CH^ )gOH^  ^was measured as 1.43 x 10 ^  S ^  
at 25.0°C under the conditions shown in Table 1-4. The value of is 
the same as that obtained in H^ O (7), being 0.129 S as proved by the 
common intercept for the plot in Figure 1-2. Table 1-6 shows the 
kinetic data, frca which k^ /^k^ CD^ O) vas dsterciined to be 1380 + 100, 
and then ky(D^ O) = (3.70 + 0.27) x lO'^  M The isotope effect 
expressed by the ratio ky(H^ O)/k^ CD^ O) being 5,7 + 0.6, is very 
substantial. 
35 
-800 
Co{[l4]aneN4)2+ 
/ 
vchgo). 
0.04 0.1Z 
I^Reductanij^ 
Figure 1-2. The first-order rate constants correlate with the concentra­
tions of the competitive reagents for the *0(^ 3)2OH 
radical according,to Equation„I-32. Data are sljown for 
V(H20)g+ (#), Co^^([141aneN4)^'^ (1), and V(D20)g+ (O). 
In the plot for V(H20)g''", different symbols represent 
the runs carried out at [Ht] = 0.2M n = 1.5 (©) , = 0.5 
(©), p. = 1.0 O) (given in Table 1-5, 1-6, and 1-8). 
Table 1-5. Kinetic data for the oxidation of VfHgO)^  by 'C(CHg)20H at 25.00 + 0.05OC 
p" lO^ C^r^ +j^ /M 10 lo'KOBSD/S"' [V2+] (^OBSD - kA)"VSEC 
1.5 1.0 2.48 2.51 7.17 2.64 2.80 X 10-2 61.3 
1.5 0.2 3.47 4.18 11.2 1.86 3.11 X 10-2 71.8 
1.5 1.0 4.14 2.93 6.57 2.44 3.20 X 10"2 70.4 
0.5 0.2 3.40 2.50 5.12 1.61 3.55 X 10-2 87.3 
1.5 1.0 4.14 2.93 5.71 2.25 3.68 X 10-2 80.6 
1.5 1.0 4.14 2.93 5.25 2.18 4.00 X 10-2 85.5 
1.5 0.2 3.47 4.18 5.82 1.58 4.46 X 10-2 89.9 
1.5 1.0 4.14 2.93 4.53 2.11 4.63 X 10-2 90.9 
1.5 1.0 4.14 2.93 4.20 2.09 5.00 X 10-2 92.6 
0.5 0.2 3.40 3.33 5.12 1.35 5.18 X 10-2 113 
1.5 1.0 99.3^ 2.00^  3.58 1.84 5.59 X 10-2 122 
1.5 1.0 2.48 2.51 8.33 1.82 5.61 X 10" 123 
1.5 1.0 4.14 2.93 3.48 1.78 6.03 X 10-2 130 
1.5 0.2 3.47 4.18 5.58 1.20 6.24 X 10-2 137 
0.5 0.2 3.40 4.17 5.12 1.16 6.82 X 10-2 147 
1.0 0.2 3.40 4.17 5.12 1.08 6.82 X 10-2 154 
1.5 0.2 3.40 4.17 5.12 1.09 6.82 X 10-2 158 
1.5 1.0 4.14 2.93 2.96 1.73 7.09 X 10-2 139 
1.5 1.0 4.14 2.93 2.36 1.71 8.90 X 10-2 143 
*[Cr2+] XS = -
\a = (3.3_x 10-3 + 6. 9 X 10-3[H+])S -1 at n = 1.5 ; (3.31 X 10-3 + 4.91 X 10" 3[H+])S"1 at n = 
1.0; 4.64 X 1 0 " a t  [ W T ]  = 0.2M, (X =s 0 .5. 
T^his run was done by injecting 0.25 mL of pre-raade CrC(CHq)20H^  ^into 5.75 mL of solu­
tion, this value being actually [H202]o used for making CrC(CHg)20H2+. 
T^his value is actually 
Table 1-6. Kinetic data for the oxidation of deuterated by .C(CH^ )20H at 25.00 + O.O5OC, 
[H^ -] = 0.2M, IX = 0.5 
[Cr^ +j 
XS 
10'^  [ Cr C ( CH3 ) 2  ^vm lo3[Cr2+]^ g/M [v2+] 0 
1 CO k2)-i/s 
0.91 0.826 7.12 11.6 1.16 X 10" 0 98. 3 
1.22 1.10 7.12 5.66 1.55 X 10 : 236 
1.22 1.49 7.12 5.69 2.10 X 10, ; 235 
1.22 1.85 7.12 5.99 2.60 X 10 ; 219 
1.22 2.18 7.12 4.48 3.07 X 10 ; 328 
3.04 3.93 7.12 2.88 5.53 X 10 2 690 
3.04 4.42 7.12 2.93 6.21 X 10 ; 667 
3.04 5.11 7.12 2.71 7.18 X 10 781 
R^eactions were done in 92% D2O. 
7^0% of [HgOgl^  used. 
X 7O/0 X 0.5. 
J "• 3 X 
= 1.43 X 10 S (conditions are shown in Table 1-4). 
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The analogous analysis for the reactions of with 
2+ 2+ V and Co(tl4]aneN^ ) according to Equation 1-36 also shows a linear 
relationship between ~  ^and [Cr^ "*^ ] / or [Co([14]aneN^ )^ ]^ 
-1 
and a common intercept of kg as depicted in Figure 1-3. The kinetic 
data for V reaction are given in Table 1-7. With k^  = (5 x 10 + 
3.1 X 10"^ [H^ ])S"^  (41), kg = 2.04 x lO'V^  (10), the value of k^ /^ky 
wâs—calculated as 563 + 34, and k^  as (6.0 + 0.4) x 10^  M since 
kg^  is 3.4 X 10^  M  ^in this case (32). 
II 2+ 
The reactions of (H20)2Co ([14]aneN^ ) with radicals 
The linear plots of (k^ s^d " ^ A' ^  ' [Cr^ '^ /^[Co([14]aneN^ )^ ]^ 
are shown in Figures 1-2 and 1-3 for the reactions of 'C(CH^ )gOH and 
*CH(CH2)0C2H^ , respectively. The kinetic data are listed in Tables 1-8 
and 1-9. A nonlinear least squares fit of these data to Equation 1-35 
gives the values of kg^ /k^  ^and k^  ^for Reaction 1-37 can be determined 
with the known value of corresponding k^ .^ 
R. + Co^ (^[14]ane>i^ )^ '^  —^  R—Co'-^ (^[14]aneN^ )^ '^  (1-37) 
Therefore, for the reaction of .C(CHg)20a, k^ /^k^ ,^  is 5.82 + 0.25, and 
kg^  is (8.8 + 0.4) x 10^  M for the reaction of •CH(CH2)OC2H^ , 
kcr/kco = 19.7 ± 1.1, and k^  ^= (1.7 + 0.1) x 10^  
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Figure 1-3. The first-order rate constants correlate with the concentra­
tions of the competitive reagents for the *CH(CH3)OC2H5 
radical according to Equation 1-32. Dana are shown ror 
V(H20)g (#) and Co^ (^[ 14]aneN^ )(N) (given in Tables 1-7 
and 1-9). 
Table 1-7. Kinetic data 
at 25.00 + 0. 
for 
,05OC 
the oxidation of by •CH(CH2)0C2H5 
IJ./N 10^  103[Cr2+]^ /M 
1.55 0.967 1.0 0.837 
1.55 0.967 1.0 0.837 
1.51 0.750 1.0 2.51 
1.50 0.90 1.0 2.51 
0.50 0.19 2.6 8.37 
*[cr:+1xs = rcr2+], 
= (5 X 10"7 + 3.1 X 10"^ [H*'])S"^  (41) 
41 
[v^ +]ym 
[cr2+] 
xs 
[v^ +l 
0.185 
0.185 
0.299 
0.201 
0.0949 
7.14 
5.55 
4.13 
2.85 
0.415 
4.52 X 10 
4.52 X 10 
8.39 X 10 
-3 
1.25 X 10 
8.82 X 10 - 2  
1.90 
1.46 
2.57 
3.89 
28.1  
Table 1-8. Kinetic data for the oxidation of Co^ (^( 14]aneN4)2"'" by "C(CH2)20H at 25.00 + 0.05°C, 
10^ [Cr^ ''"]^ /M 103[Co([l4]aneN^ )2+]/M lo'k.b.d/s"' 
0.331 1.81 1.11 0.560 
0.331 1.87 1.25 0.594 
0.331 1.87 1.43 0.598 
0.331 1.88 1.89 0.655 
0.331 1.70 3.38 0.857 
1.66 2.07 4.38 0.928 
0.331 1.36 3.38 0.989 
1.66 1.88 4.38 1.01 
1.66 1.70 4.38 1.09 
0.331 1.02 3.38 1.14 
1.66 1.51 4.48 1.20 
1.66 1.13 4.48 1.55 
0.331 0.678 3.38 1.54 
1.66 0.942 4.38 1.84 
1.66 0.753 4.38 2.53 
0.331 0.377 3.38 3.42 
1.66 0.565 4.38 3.12 
1.66 0.565 8.75 5.82 
1.66 0.377 4.38 6.62 
2+1 /, ,b.-l 
15.7 769 
13.9 610 
12.2 595 
9.58 444 
4.83 234 
3.97 201 
3.83 179 
3.54 172 
3.13 152 
2.82 141 
2.69 130 
1.82 89.3 
1.81 90.1 
1.39 70.9 
0.963 47.6 
0.920 33.4 
0.534 37.2 
0.267 18.5 
0.105 16.2 
'icr2+1^ 3 • 
= (4.30 ± 0.3) X lO"^  S"^  (reaction conditions are shown in Table 1-4), 
•p-
to 
Table I-•9. Kinetic data for the oxidation of Co^ (^[14]aneN.) 2+ by •CH(CH„)OC H at 25.00 + 0.05*C, 
p. = 0.5 
104[CrCH(CHg)0C2H2+]/M lO^ CCo^ l^^ /M l°\bsd«"' o
 
o
 m
 
m
 
o
 10'(kob,d -
0.100 3.11 1.88 4.71 11.8 0.0399 0.850 
0.0340 2.2 2 . 5 1  3.27 7.55 0.0768 1.33 
0.0430 5.3 5.02 3.17 5.73 0.158 1.75 
0.0430 6,9 5.86 3.14 4.93 0.187 2.03 
0.0430 5.3 H.37 3.11 3.17 0.269 3.17 
0.0355 5.3 «.37 2.49 2.42 0.336 4.15 
*[cr2+]xs = [cr2+],. 
= (5 X 10"^  + 3.1 X 10"5[h+|)s"1 (41). 
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INTERPRETATION AND DISCUSSION 
Mechanisms of the Oxidation of Vanadium(II) Ion with Free Radicals 
Competitive kinetics 
The competitive kinetics prove that the indicated reactions occur 
according to the second-order kinetic equation, 
-  ^ [R- ] (1-38) 
and afford a means of evaluating the second-order rate constants k^ . 
However, these studies supply direct information about the reaction 
mechanism no further than Scheme 1-2 (page 32), since the kinetics were 
studied only by monitoring the disappearance of the organochromium 
complexes with time. 
The roles of radicals and vanadium(II) ion 
The o-hydroxyalkyl radicals are reactive reducing agents toward a 
variety of chemical compounds. The radicals are oxidized to ketone or 
acyl compounds. For example, 2-hydroxy-2-propyl radical can be oxidized 
to acetone, as illustrated in Equation 1-14. 
'C(CS^ )gOH = (CHg)2C0 + + e" (1-14) 
On the other hand, the a-hydroxyalkyl radical can also react with reducing 
substrates to "repair" che radicals by the way of hydrogen atom trans­
fer. One typical case is the reduction of «0(0^ 2)205 by ascorbic acid, 
yielding 2-propanol with a rate constant (1-2 + 0.1) x 10^  M ^ S ^  (49). 
The reactions of o-alkoxyalkyl radicals are expected to resemble 
those of Ob-hydroxyalkyl radicals in the reducing aspect, although fewer 
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studies have been made. The oxidation of 1-ethoxyethyl radical yields 
acetaldehvde and ethariol according to the following equation (10): 
CH^ CH^ OCHCH^  + HgO = CH^ CHO + CEgCH.OH + + e" (1-39) 
2+ The single known case of the reduction of • ^(CH^ )OC^ H^  by Cr , gives 
III 3+ the Cr -CH(CH^ )0C2H^  complex, and ultimately produces Cr and 
([^ 5^ )20, only more slowly by decomposition of the organometallic 
complex. 
The absence of acetone and acetaldehyde in the reactions of V(H2O) 
with 'C(CHg)20H and 'CH(CH^ )0C2H^  proves that these radicals are not oxi­
dized. This-is not unreasonable iii spite of the fact that •C(CH2)20H and 
"Ca(CHg)0C2Hg are commonly known as good reducing agents, since 
V(H20)g^  is also a good reducing species (E° = - 0.255V). 
2+ 
In the reaction of V(H20)g and •C(CH2)20H, 2-propanol was found 
as the only organic substance remaining in the reacted solution. Al­
though a large amount of 2-propanol was employed to be a co-solvent, 
this result still implied that -C(Ca^ )2GE acted as an oxidizing agent, 
and was "repaired" by the abstraction of a hydrogen atom. 
The significant content of d,-2-propanol found in the deuterated 
system can be attributed to a mixture of (CH2)2CDOH, (CH^ )(CH2D)CH0H, 
and (CHg)2CH0D. Among them, the solvent-exchanged product, (Cag)2CH0D, 
was not considered, since it did not appear in the blank solution either. 
The P-deuterated species is not important according to Equation 1-21. 
Therefore, only (CH^ )2CDOH is the major product, suggesting the fol-
2+ lowing redox reaction between •C(CH3)20H and V(D20)g : 
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vcdgo)^ "^  + .c(ch2)20h = (d20)^ v0d^ '^  + (ch^ )2cd0h (1-40) 
Evidence to confirm the occurrence of Equation 1-40 is the dis-
3+ 3+ 
covery of VCH^ O)^  as a primary product. The reduction of VCH^ O)^  
2+ by Cr following Equation 1-40 was also proved. This result also ex-
2+ 2+ plains the eventual recovery of V and loss of Cr , as found by 
chr oma togra phy. 
In the reaction of V(E^ O)with "CH(CH2)0C2Hg, the formation of 
diethyl ether in a yield of 90% of theoretical and as the only organic 
product is similarly attributed to the reduction of the radical by 
vchjo)^ : 
vcego)^ "*" + •ch(ch3)0c2h^  = (a20)^ v0h^ '*' + (0^ 3^ )20 (1-41) 
Reaction mechanisms 
Outer-sphere electron transfer An outer-sphere process for the 
2+ 
reduction of radicals by 7(5^ 0)^  can be argued against for two reasons. 
First of all, the direct formation of the aliphatic anion from the 
radical as in Equation 1-42 is energetically disfavored. 
Scheme 1-3 
v(h20)g'^  + .c(ch^ )20h >v(h20)^ + :^ (ch^ )20h (1-42) 
© :c(ch^ )20h + (CEj^CEOE (1-43) 
Secondly, a significant primary isotope effect with kg/kjj = 5.7 was 
observed. The value of was determined in a solution of 92% 
deuterium content. For convenience of discussion, the ratio may be 
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mathematically extrapolated to 100% of DgO, being 6.2. In the reduction 
3+ 
of Co(NHg)^  by 'C(CH^ )20a, the hydrogen exchange between the co­
ordinated ammonias and solvent water was negligibly slow. The rate 
3+ 
constants for Co(NDg)g , therefore, could be individually measured 
either in in DgO. A very small isotope effect with kg/k^  = 1.35 
in H^ O, or 1.68 in D^ O was found in strongly acidic medium, which sup­
ported the outer-sphere nechanism (7). In contrast, the rate constants 
of the reaction of vanadium(II) were substantially lower in D^ O. 
Since they are independent of pH and of the ionic strength, the isotope 
effect must be attributed only to the reaction itself. It strongly 
suggests that a hydrogen transfer to 'C(CH^ )^ OH in forming 2-propanol 
has to be important in the rate-limiting-step. The outer-sphere 
mechanism does not explain this result at all. 
Hydrogen atom abstraction A plausible mechanism which rationalizes 
all the experimental observations is one in which the 'C(CHg)20E radical 
2+ 
abstracts one hydrogen atom from a water molecule coordinated to V 
Scheme 1-4 
+ .c(chg)20h—> 
(CH ) CHOH + (H^ O) VOE^ + 
(D) 
(1-44) 
Generally speaking, this process is disfavored because it shows a 
stronger 0-H bond breaking concertedly with the formation of a weaker 
2+ ~l t 
(D) 
..c(ch^ )20h 
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C-H bond. Nevertheless, the strong reducing center of might afford 
a compensating driving force for the hydrogen atom transfer. A relatively 
5 -1-1 low rate constant, 2.1 x 10 M S , of this reaction is not surprising. 
In the deuterated system, a large primary isotope effect is 
naturally expected, because the transfer of a deuterium atom occurs in 
the rate-limiting-step. In addition, an a-deuterated 2-propanol, 
(CH^ )2CD0H, ought to be and is the product. In the analogous reaction 
of 'CH(CH^ )OCgSg, CH^ CHDOCHgCHg is the product as expected. 
V-C bond formation followed by acidolysis An associative path­
way leading to an organovanaditnn(III) intermediate, which decomposes 
by acidolysis, is illustrated in Scheme 1-5. 
Scheme 1-5 
v(hgo)g+ + .c(cs^ )^ oh (5^ 0)^ 7-0(03^ ) ^03^ + (1-45) 
-45 
(H^ O)^ V-C(CE^ )^ OH^ '^  —^  iE^ O)+ (Ca^ )^ CHOH (1-46) 
The seven-coordinate organovanadium(III) species is proposed because 
2+ 3 V(H^ O)g is a d kinetically inert ion which does not permit the 
substitution of '0(05^ )205 for H^ O on this time scale. A similar case 
2+ is the oxidation of V(E^ O)^  by the methyl radical. The intervention 
of a seven-coordinate organovanadium species was also postulated (23), 
but no evidence of this intermediate was obtained. 
With the steady-state approximation for [(H20)^ VC(CH2)20H^ ]^, 
an expiie^ sion for ky, which can be referred to in Scheme 1-2, is 
established. 
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_ 4^5^ 46 
 ^^ ^-45 + ^ 46 
(1-47) 
If »k Equation 1-47 is simplified to = k^^, which suggests 
the formation of the V-C bond is rate-limiting. This case is unlikely, 
because it does not explain the substantial isotope effect. 
Reaction 1-46 is actually the acidolysis of 2-hydroxy-2-propyIvanadium-
(III), which can be written in the form of Equation 1-48. 
Scheme 1-6 
(h20)gvc(ch3)20h' 2+ 
H 2+ 
(h20)_v.. H 
c'(ch3)20h 
(h20)gv0a 
+ (ch3)2ch0h 
2+ 
(1-48) 
The proton transfer in the transition state is expected to contribute 
a large isotope effect in the deuterated system. It will come true if 
4^6 ^ -^45' then 
k^  - c k (1-49) 
indicating that the acidolysis of Scheme 1-6 is the rate-limiting step. 
The intermolecular pathway of acidolysis is not considered, because 
ky is known to be acid independent in the experimental region ([H*"] = 
0.2M - l.OM). The intramolecular route is feasible and prevails because 
the seven-coordinated intermediate is too crowded to be stable. 
Freequilibrium process The mechanism shown in Scheme 1-7, 
2+ in which a rapid equilibrium between VXH^ O)^  and the 2-hydroxy-2-propyl 
group-bound vanadium precedes the acidolysis, is mathematically in­
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distinguishable from that in Scheme 1-5. 
Scheme 1-7 
so 
VCH^O)^ + .C(CH3)20H?=^ (H20)gVC(CHg)20E^^ (1-50) 
(HgO)gVC(CHg)gOH^+ (H20)^V0H^+ + (CHg)2CH0H (1-51) 
The form of is derived as Equation 1-52 
=rrS^ 
When K^ q[V^ "*'] » 1, This is not true within the experi­
mental region ([V^ ]^ s" 2 x 10 ^  - 1.1x10 ^M) because the experimental 
2-i- 2+ data show no further [V ]-dependence in k^ . If Kgg [V ] «. 1, the 
upper limit of K^ Q is 10 and k^ ^^  > 2 x lO^ S ^  since k^  = kg^ So" 
These values imply that the seven-coordinated organovanadium species is 
extremely unstable. 
Mechanisms of Reactions of Co''"''( [ 14] aneN^ )with Radicals 
The possibility of the reduction of «C(CEg)20H and •CH(CH2)0C2Hj 
II 2+ by Co ([14]aneN^ ) complex is eliminated, because acetone and 
acetaldehyde are found to be the products instead of 2-propanol and 
diethyl ether, respectively. Therefore, only the mechanisms leading to 
the oxidation of the radicals are considered. Both inner-sphere and 
outer-sphere pathways will be discussed. 
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Inner-sphere mechanism 
The pathway of the Co-C bond formation According to the results 
of the radiolytic studies, these reactions can be immediately attributed 
to the formation of the organocobalt(III) intermediates. 
Scheme 1-8 
hoçcch^ )^  
tt 94- ' ttt 94-(H^ O) ^Co"^  ^( [ 14] aneN^ ) +  ^ Co ([14]aneN^ ) +8 
(1-53) 
h2o 
H-C-CH_ 
i 3 
(H^ O) ^Co^  ^( [ 14] aneN^ ) + .CH(CH^ )OCgHg > Co^ ^^ ( [14]aneN^ ) 
ho 
(1-54) 
The bimolecular rate constants, being 8.8 x 10^  M  ^for Equation 
1-53, and 1.7 x 10^  M  ^for Equation 1-54, are consistent with those 
expected (27). They show the same trend as those for the formation of 
the crgsncchrcmiun complexes, = 5 = 1 x 10^  M  ^for CrC(CH„)„On^ ''" 
and kç^  = 3.4 x 10^  for CrCH(CH^ )0C2a^ '''. The less prominent 
difference in the chromium system may be invoked by the better lability 
2+ 
of the nonmacrocyclic [^ (H^ O)^  leveling out the electronic effect of 
the radicals (13, 27). Of course, this is not necessarily the only 
factor. 
2+ 
The formation of PhCh^ Co( [ 14 ] aneN^ ) OH^  complex in the model 
benzyl system also supports that the organocobalt(III) species is a 
II 2+ 
reasonable primary product of the free radical and Co ([14]aneN^ ) 
It also proves that the coexistence of organochromium and 
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C ( [  1 4 ]  a n e N ^ ) i n d e e d  c o n s t i t u t e  a  s u i t a b l e  s y s t e m  t o  c a r r y  o u t  t h i s  
kind of reaction. Conventional spectrophotometry did not provide de­
tectable evidence for ( [ 14] aneN^ ) CoC(CH^ ) 2^ ^^  ^ and ([14]aneN^ )Co-
2+ CH(CH^ )OC^ H^  . This may be because both of these species have very 
short lifetimes and had been decomposing during the course of the reac­
tions which were rate-limited by the hemolysis of the organochromium 
complexes. This is not surprising since Co^ ^^ L-CB^ OHCL = Meg[14]dieneN^  
through this section) decomposes with k = 0.1 S and for Co^ ^^ L-
CH(CH^ )OH, k = 1 X 10^  S'^  at pH 7 and ~ 2 x 10^  S"^  at pH 1. The 
electron-donating group on the radical would enhance its reducing 
ability and thus would destabilize the Co-C bond (27). 
The decomposition of the Co-C bond The Co^ ^^ -CH^ OH de­
composes by the way of a two-equivalent electron transfer to give 
formaldehyde and Co^ L complex 
Co^ ^^ -CH^ OH > Co^ L + HCHO (1-55) 
The formation of Cc(I) species in the reaction of Co^ (^li3j8;iO-terra-
2+ 
eneN^ ) with •C(CH2)20H was directly monitored by pulse radiolysis 
at pH 1 and 6.5 (29). It is reasonable to conceive that both the 
organocobalt(III) intermediates also heterolytically cleave their 
Co-C bonds as depicted in Scheme 1-9, to yield the organic products 
of the oxidized radicals. 
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Scheme 1-9 
HO-C(CH-)- 2+ 
I I TTT TTT 2+ 
co-^ ^^ ([14]anen^ ) > (ch^ )^ co + hco^ '-^ (ri4]anen^ ) 
H^ O (1-56) 
H-C-CEL 
i ho 
co^ ^^ ([14]anen^ )2+ > ck^ cho+ c^ hgos + hco^ ^^ ([14]anen^ )^  ^
HgO (1-57) 
The Co(I) species is actually the conjugate base of the hydridocobalt(III) 
complex. At pH < 1, it ought all to be in the latter form. Further 
chemistry of the hydridocobalt(III) complex will be discussed in the 
following section. 
A general scheme of this reaction is worth more consideration. 
Scheme I-IO represents this sequence. The form of the apparent rate 
constant, is shown in Equation 1-60. 
Scheme I-10 
R- + (Cof^ ) c ) R(Co^ ^^ ) (1-58) 
-^58 
if 
TTT SQ 
R(Co ) —^  Products (1-59) 
If k^g »k ^g, then k^^ = k^g. This is the very case cited before. 
5^8^ 59 
If k^g «k_^g, kg^ = . For the purpose of comparison, the 
-58 
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values of for the complexes with the Me^ [14]dieneN^  ligand are 
used. It is noted that k^ g for Co^ ^^ I,-CH(CH^ )OH is 10^  times greater 
than that of Cc^^^L-CH^OH at pH 1, With this trend, the value of k_g 
for Co^ ^^ -C(CH^ )^ OH would be 10^  S and k > 10® S an unusually 
high rate for the hemolytic cleavage of the Co-C bond. It suggests 
that the decomposition of the organocobalt intermediates is unlikely 
to be rate-limiting. 
Reactions of hvdridocobalt complex Hydride complexes of 
cobalt(III) are conjugate acids of the corresponding Co(I) complexes. 
These two species, however, show very different reactivity (50, 51). 
The hydride complexes of cobalt have been found to be unstable, 
slowly decomposing to form Co(II) complexes and evolve molecular 
hydrogen (52). 
H 
2(co^ ^^ ) = 2(co^ )^ + h^  (1-61) 
Related studies for Reaction 1-61 are the decomposition of vitamin 
®12S (53), HCo(CN)^ " (54), and HCo(dmgH)^ P(n-Bu)^  (55). In the last 
one, a bimolecular pathway shown in Equation 1-62, and a hydride 
transfer process forming Co(III), as in Equation 1-63 were proposed. 
Scheme I-11 
25Co(dmgS)^ ?(n-Su)^   ^[ (co)h h(cc)]^  » 
+ 2co^ (^dmgh)^ p(n-bu)^  (1-62) 
hco(dmgh)2p(n-bu)2 + > h20co^ ^^ (dmgh)2p(n-bu)^  + h^  
(1-63) 
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Both of these routes may be used to explain the decomposition of 
2+ HCo( [14]aneN^ ) . The former one might be more important since it 
reacted with a rate constant 4 x 10^  fold greater than the other 
2+ 
route for the Co(dmgH)^  system. In the reaction between CrC(CH^ )20H 
2+ 
and Co([14]aneN^ ) , the cobalt(II) complex was found to be completely 
2+ 
recovered at the end of the reaction. The amount of Cr left over 
2+ 
was also found to be the same as that of initial CrC(CEg)20H used 
(47). These results also support that the coupling pathway is 
dominant, because it produces the Co(II) complex directly. But, the 
primary product of the hydride transfer route would be Co^ ^^ ([14]aneN^ )^ , 
which would need to be reduced to Co^ (^[14]aneN^ )^  ^by Cr^ .^ 
Outer-sphere electron transfer 
II 2+ The direct outer-sphere reduction of Co ([14]aneN^ ) by the 
free radical cannot be arbitrarily precluded. 
Scheme 1-12 
Co^I([14]aneN^)• C(CH^)^OH > Co^([14]aneN^)"*" 
+ + (cag)^ co (1-64) 
Co^ I([14]aneN^ )+ • CH^ CH^ )OC^ H^  —^  Co^ ([14]aneN^ )"^  
+ + CH^ CHO + C^ H^ OH (1-65) 
The analogous chemistry of Equation 1-64 was found for the 
Co^ (^1,3,8,10-tetraeneN^ )complexwith a rate constant 5.5 x 10^  S 
II 2+ Nevertheless, Co ([14]aneN^ ) is a much stronger reducing agent than 
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CofI(l,3,8,10-tetraeneN^ )2+, thus, the direct reduction of 
Co^ (^[14]aneN^ )^  ^is not necessarily as feasible as Cof^ (l,3,8,10-
2+ tetraeneN^ ) 
57a 
CONCLUSIONS 
2+ 
Among the mechanisms cited before for the reactions of VCHgO)^  with 
radicals. Schemes 1-4, 1-5, and 1-7 are all in agreement with the experi­
mental observations. The last two schemes are mathematically indis­
tinguishable. Therefore, only the two routes which are very different in a 
chemical sense are considered. The first one is that the carbon-centered 
radical directly abstracts a hydrogen atom from a water moleculft co­
ordinated to vanadium(II) ion. In this case, the hydroxovanadium(III) 
ion is the immediate product which rapidly equilibrates with H^ O^  to 
yield V(H^ O)^  (pKa ~ 3-4). In addition, the radical is "repaired." 
The second mechanism invokes the formation of a seven-coordinate organo-
vanadium(III) intermediate, which undergoes rate-limiting intramolecular 
acidolysis to give the corresponding products. No detectable evidence for 
the organovanadium species is available. At this time, further distinction 
between the alternative mechanisms cannot be made. 
II 2+ In summary, the reactions between Co ([14]aneN^ ) and the radicals 
can be illustrated according to the following sequence: 
y—i— > ( [14] aneN^ )Co C(CHg)^ OS^  ^(1-66a) 
co"([14]anen^ )^ +-/ 
vchcce,)oc,hr ([141.neh4)co"w3)0c,hf 
 ^ (I-66b) 
( [ 14] aneN^ ) Co^ ^^ C(CH^ ) —> HCo^ ^^ ([14]aneN^ )^ "^  + (CEg)2C0 (I-67a) 
ITT 9 J. TIT ?+ ([14]aneN^ )Co CH(CHg)OC^ a^  ^—^  HCo ([14]aneN^ )^  ^+ CH^ CHO 
+ C^ H^ OH (I-67b) 
2HCo^ ^^ ( [14]aneN^) > 2Co^ (^ [ 14]aneN4)+ H2 (1-68) 
57b 
This sequence is essentially analogous to the previously studied reactions 
of Co^ (^[14]dieneN^ )^  ^and with the same radicals. 
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PART II. REACTIONS OF (ALKYLPEROXY) COBALOXEMES 
IN ACIDIC AQUEOUS SOLUTIONS 
59 
introduction 
Literature Background 
The reactions involving molecular oxygen and transition metal 
compounds have continued to receive a great deal of attention, not 
only because of their catalytic usage in industry (2, 56), but also 
because of their versatile roles in the biological realm (57). One of 
the areas in which extensive work has concentrated is the metal catalyzed 
autoxidation of organic compounds (2). It is known that in almost every 
case, these reactions occur by radical routes in which peroxo or hydro-
peroxo complexes are intermediates (2, 58). The direct investigation 
of peroxo complexes, therefore, attracts special interest. 
Many metal peroxides, or M-0-0, have been synthesized through 
oxidative addition reactions of 0^  and the complexes of the following 
metals: Ti, V, Nb, Cr, Mo, W, U, Co, Rh, Ir and Pt (59). The metal-
coordinated dioxygen was found to be generally more reactive than 
molecular oxygen. 
Dinuclear peroxo transition metal complexes have also been re­
ported for these metals: Mn, Fe, Co, Rh and Mo (60).. The u,-peroxo 
dicobalt compounds have been extensively studied. A number of them 
decompose to give the corresponding mononuclear cobalt(III) complexes 
and hydrogen peroxide in acidic solutions. One of these cases is 
the complete hydrolysis of the ^ -peroxodecacyanodicobalt ion. Haim 
and Wilmarth found that the [(NC)^ Co^ ^^ -O-O-Co^ ^^ (CN)^ ion requires 
two equivalents of acid per mole to decompose, in a reaction forming 
two moles of (H20)Co(CN)^  ion and one mole of H^ O^  (61). 
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[(nc)^ co^ ^^ -o-o-co^ ^^ (cn)^ ]^ ' + 2h^  + zh^ o > 
+ 2(H20)Co(CN)^ " (II-1) 
Winfield and his coworkers confirmed this result and proved that the 
XXX 3" hydrolysis proceeded via the hydroperoxo complex, HOOCo (CN)^  (62): 
[(nc)^ co^ ^^ -o-o-co^ ^^ (cn)^ ]®" + 
H 
[ ( N C ) ^ C o ^ ^ ^ - 0 - 0 - ( C N ) ^ ( 1 1 - 2 )  
H 
[(nc)^ co^ ^^ -0-(!)-co^ ^^ (cn)^ ]^ " + h^ o —» 
HOOCo(CN)^ " + (H20)Co(CN)^ " (II-3) 
HOOCo^ ^^ (CN)^ ' + H^ O"^  —> (H20)CO^ ^^ (CN)^ " + S^ O^  (II-4) 
The hydroperoxo cobalt ion was hydrolyzed comparatively slowly, and could 
be isolated and analyzed as the potassium salt. It may also be synthe­
sized by direct addition of O2 to HCo^ ^^ (CN)^  . Both methods yield the 
TTT 3_ 
^ r » V i  V i a e  a T > c r * T " T > ^ T / ^ r *  v n a  v n  w n i T n  a t *  r v m  
Another interesting case involving a Co-OOH species is the oxidation 
of 2-propanol in a solution of Co(salen). The reaction is greatly ac­
celerated, and oxygen uptake takes place in a reversible manner, when 
triphenyIphosphine is added. Kinetic investigations of both the 
alcohol oxidation reaction and the prereaction equilibrium suggest the 
formation of a labile complex of [ROH« ••Ô2Co(salen)PPh2]. The rate-
determining step of the reaction is postulated to involve an outer-
sphere hydrogen migration from the alcohol to the dioxygen ligand to 
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give the hydroperoxo complex, Equation II-5. Further steps in the 
reaction were not delineated (63). 
Other metal-coordinated hydroperoxides, such as Fe -OOH, are 
commonly invoked to explain the metal ion assisted decomposition of 
hydrogen peroxide, or as intermediates in the autoxidation of ferro-
hemoglobin (64). 
The organoperoxy metallic compounds, MOOR, of many main group 
metals drew increasing attention during the decade of 1960 (65). These 
compounds were prepared by the reaction of organometallic compounds 
with oxygen or peroxides. For transition metal complexes, however, 
very few compounds were known. 
A series of stable organoperoxy cobalt complexes was prepared by 
Giannotti, Gaudemer, and their coworkers during the early 1970s. Alkyl-
or aralkylperoxycobaloximes, R-O-O-Co(dmgH),L (wherein R = -CH^ , 
-cgsg, -n-c^ h^ , -chcch^ )(c^ h^ ), -chgchcchg)^ , -n-c^ h^ ,^ 
-CH^ CH=CR2, -CH^ CgH^ , "C^ H^ (^cyclohexyl), etc.; L = -OH^ , N- pyridine. 
N- pyrazine, N- piperidine, and their derivatives) may be either photo-
chemically or thermally synthesized by the reaction of molecular 
(II-5) 
+ crirgoh 
III 
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oxygen with aXkyl- or aralkylcobaloximes (66). Their structures are 
shown in Figure II-1. 
hv(vis) or A/0„ 
RCo(dmgH) •5553^ 7"5^ cÎ^ 71cËÇ)^ CÔÎ 2^ (H"6) 
C^ Hg, aq. CH^ OH, etc. 
R = alkyl, aralkyl 
These peroxo compounds were isolated in the form of reddish-brown 
to black crystals, the color varying with the alkyl group. They were 
1 13 
well-characterized by H and C NMR, UV-visible, and IR spectroscopies 
and elemental analysis. The data indicated that two o^ qrgen atoms were 
inserted between the alkyl carbon atom and the cobalt atom in the com­
pound. The X-ray structures of ethylphenylperoxy- and cumylperoxy-
(pyridine)cobaloximes confirmed this conclusion and showed that the 0-Co 
bond was approximately perpendicular to the pyridine plane and pro-
jectively bisected one of the dimethyIglyoxime groups (67). 
Giannotti et al. have studied the thermal and the photochemical de­
composition of ROOCo (dmgH) ^Py, (R = , and ) 
OH 
(68). They were irradiated at the wavelength 254 nm or thermalyzed by 
refluxing in either methanol or benzene. The decomposition of the 
peroxo group leads to the formation of the corresponding carbonyls 
(ketones or aldehydes) or alcohols. It was suggested by Giannotti that 
alkylpercxycobalcxims, like dialkyl peroxides, homelytically cleave to 
R-0* and M-0- radicals under the conditions used. 
In 1976, Bied-Charreton and Gaudemer reported the decomposition 
of R-0-0-Co(dmgH)2Py, (R = -CHgCgH., -CH(CHg)(CgHg), 
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- H 
L 
Figure II-la. The structure of an organocobaloxime 
l_fl 
R 
Figure II-lb. The structure of an organoperoxy(pyridine)cobaloxime 
I 
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-ch(cga^ g)(chg), -ca(c^ eg)(ca^ ), -chcp-c^ h^ ch^ )(ch^ ), -c(ch^ )2(cs=ch2), 
-CCCH^ )(C2H^ )(C=CH)  in acidic nonaqueous solutions (69). The peroxides 
were treated with 4% trifluoroacetic acid or 1% perchloric acid in 
deuterated chloroform. The relative yields of the organic products 
were identified as alkyl hydroperoxides, ketones, aldehydes, and/or 
alcohols by NMR. A consecutive mechanism was proposed as Equation 
II-7, 
rlr2c=0 + h^ o (r = h) 
R2-C-0-0-Co(dmg)2Py R^ -C-O-O-H (II-7) 
*2 *2 
/ 
[ 
\ 
r2r3c=0 + r^ oh (r^ h^) 
in which the decomposition of alkylperoxycobaloxime first gave the 
corresponding alkyl hydroperoxide, ROOH, which was either stable or 
further decomposed to give carbonyls or hydroxy1 compounds. The reaction 
rate was only qualitatively described to be dependent on the nature of 
the alkyl groups and the nature of acids. Quantitative kinetic studies, 
however, were not done. 
Ryan and Espenson recently reported the reaction of isopropyl-
chromium(III) ion with molecular oxygen (70) . A rate law with only a 
, |2+i _ , 
3'2 ' - 2-
3/2-power dependence on [CrCH(CH^ )^  ] and no dependence on [0^ 1 and 
[H^ ] within the studied region was obtained. The organic products 
consist of acetone primarily and smaller amounts of 2-propanol. No 
2-propyl hydroperoxide was detected. A chain mechanism containing a 
postulated isopropylperoxychromium(III) cation was presented as below: 
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Initiation: CrCHCCH^ )^ "^ —^  + .CHCCH^ )^  (II-8) 
Propagation: 0^  + -ca(CH^ )^  —^  -OOCH(CH^ )^  (II-9) 
crchcch^ )^ "^  + .ooch(ch^ )^  —^  crooch(ch^ )^ '^  
+ 'cacch^ )^  (11-10) 
Termination: 2-00CH(CH^ )^   ^> (CH^ )^ C=0 + (CH^ )2CH0H + 0^  
(11-11) 
With the steady state approximation for the chain-carrying intermediates 
and the assumption of a long chain length, the rate law is derived as 
Equation 11-12 
d[CrCH(CH k. 1/2 
dt = kg(^ ) [crcs(ch^ )^ +r/^  (11-12) 
4 
The mechanism shows the isopropylperoxychromium(III) cation as the 
immediate product of Equation 11-10. It is assumed to react rapidly 
with to yield chromium(III) ion and acetone by the reaction 
(h^ o)gcrooch(chg)g^  + h"^  > (^ 2)^ 0=0 + [^ (h^ o)^  ^ (11-13) 
Since the isopropylperoxychromium ion has not been identified yet 
among the products, the unavailability of this species for direct 
study and observation left the mechanism of its decomposition in acidic 
medium as an unsolved problem. 
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Statement of the Research Problem 
To explore kinetics and mechanism of the acid-induced decomposition 
of the organoperoxy metallic complexes, the stable alkylperoxycobaloximes 
have been chosen as appropriate species. Among the questions to be 
answered are how this decomposition reaction actually occurs, and how 
the alkyl group and the axial ligand influence it. Since the proposed 
scheme of Equation II-7 has not been verified yet, one would ask 
whether the alkylperoxycobaloxime was truly decomposed consecutively, 
such that the ketone is produced by the decomposition of the hydro­
peroxide, or whether two products are formed in concurrent reactions. 
In this project, the reactions of organoperoxycobaloximes with 
aqueous perchloric acid were studied. The compounds examined are 
(1) ROOCo(dmgH)2(Pyridine) complexes with R = 2-propyl, 2-butyl, 
cyclopentyl, benzyl and d^ -2-propyl and (2) (CH^ )^ CEOOCo(dmgH) 
complexes with L = pyridine, piperidine, water and ammonia. 
 ^NMR has been used throughout to characterize and quantify 
peroxide reactants and organic and inorganic products. In addition, 
iodometric titrations were used to analyze the alkyl hydroperoxide, and 
GLC techniques to identify ketones and to study the kinetics of their 
formation. 
The major kinetic studies were done spectrophotometrically at 
25.0 + 0.1°C. The temperature dependence was evaluated only for the 
2-butyl-peroxy(pyridine)cobaloxime. The kinetics of the decomposition 
of (CD^ )^ CDOOCo(dmgH)^ Py was also studied, as was the product yield, the 
amount of (CD2)CD0CH being determined by iodometric titration. The latter 
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experiment was designed to measure whether a significant isotope effect 
would be found for the ketone formation. 
Variation of the axial ligand in the series of 2-propylperoxycobaloxime 
also permits an evaluation of its effect on the strength of the 
oxime oxygens in this series of compounds. 
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EXPERIMENTAL 
Materials 
Cobalt compounds 
Organocobaloxime, RCo(dingH)2L A nucleophilic process gives the 
best synthetic method for organocobalt complexes, where the parentheses 
represent 
(Co^ )' + RX > R-(Co^ ^^ ) + X" (11-14) 
a four-coordinated macrocyclic ring of ligand(s), e.g.; two dimethyl-
glyoximes in this case. 
Two preparative procedures have been used in this work. The 
first method used to synthesize 2-propyl, d^ -2-propyl, 2-butyl(pyridine)-
cobaloxime, 2-propyl(aquo)cobaloxime and 2-propyl(piperidine)cobaloxime 
was carried out by an adaption of the general procedure developed by 
Schrauzer (71), in which, NaBH^  was the reducing agent. 
Another published procedure followed was the OH promoted dispro-
portionation of the cobalt(II) complex in the presence of the desired 
halide (72) 
2Co^ (^dmgH)^ l > Co^ (dmgS)^ L'' + HOCo^ ^^ (dmgH)gL (11-15) 
Co^ (dmga)^ L" + RX > RCo(dmgH)2L + X" (11-16) 
Cyclopentyl(pyridine)cobaloxime and cyclopentyl(aquo)cobaloxime were 
prepared by this method. 
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Alkylperoxycobaloxime, R-O-O-Co(dingH) ^  
R= -CHCCag)^ , -CDCCD^ ),, -CHCCHg)(C^ Hg), and -C^ Hg(cyclopentyl). 
L = pyridine, piperidine, water, and ammonia. 
Alkylperoxycobaloximes were prepared by a photoinduced oxygen-
insertion method developed by Giannotti and Gaudemer. Details are as 
follows: 
An amount of 100-150 mg of the given alkylcobaloxime with the de­
sired axial ligand was dissolved in 200 mL of solvent (CHCl^ , CH^ Cl^ , 
aqueous methanol, or acetone). The solution was placed in a Pyrex 
flask fitted with a gas dispersion tube to promote the dispersal of 
oxygen. The irradiation was carried out with the temperature maintained 
between 5-10°C, or at -10°C for the aquo compounds, a vigorous stream of 
oxygen being maintained throughout. The light, produced by a Sorensen 
150 watt XLSl Xenon lamp, was filtered by a UV filter or a solution of 
CuSO^  (73). The initially orange solution turned brown during the course 
of the reaction, which was monitored by TLC until the yellow spot of 
the starting complex disappeared completely. The solution was evaporated 
to form a brown solid, which was purified by thin layer chromatograply 
on a silica gel column. A mixture of chloroform-ethyl acetate-methanol 
with volume ratio of 2:2:1 was used as the eluent. The first reddish-
brown band was collected. When CH„C1^  was used as the solvent of the 
reaction, the first orange band was CECl^ Co(dmgH)^ Py, and the reddish-
brown band would contain the peroxo product along with a little 
ClCo(dmgH)2Py (74). The solvent of the desired fraction was evaporated 
by mildly blowing air over it. The compound was recrystallized 
I 
1 
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from methanol. 
The final product was in the form of blackish-brown to greenish-
brown crystals, varying with the alkyl group, in an overall yield of 
50-60%. The preparation of 2-propylperoxy(ammine)cobaloxime started 
with 2-propyl(aquo)cobaloxime, to which was added an excess of 
concentrated ammonia, followed by the irradiation. 
Diaquocobaloxime perchlorate, [(H20)2Co(dmgH)2]C104 Solid 
diaquocobaloxime perchlorate provided by G. W. Kirker was made by 
stirring H[Cl^ Co(dmgH)^ ] (75) with AgClO^  in aqueous solution overnight, 
then crystallized with LiClO^  (76). 
A solution containing [ (11^ 0)200(dmgH) 2]"^  ion was also prepared 
2+ by adding acidic Hg into aqueous CH^ Co(dmgH) 2OH2. The resulting 
2-L 
solution actually consisted of (HgO)2^ °^(<^ 2^ 3^  ion, CH^ Hg , and 
2+ 
excess Hg ion (77) . 
(Aquo)(pyridine)cobaloxime perchlorate, [ (H20)Co(dmgH)2Py]C104 
(78) [(H20)Co(dmgH)2Py]C10^  was prepared by dissolving 119 mg of 
r fyj a 1 XJ C\ 9  ^ t.to c o 
L \  ^  ^  ^ 2 J 4» V WW —» ^ V J ^ 
0.02 mL of reagent grade pyridine in 1 mL of methanol. Upon mixing 
these two solutions, a yellow slurry was attained. It was recrystallized 
from methanol. 
Organic compounds 
Cvclopentvl hydroperoxide The starting material, cyclopentyl 
methane sulfonate was prepared by Mosher's method (79). It was oxidized 
by H2O2 linder alkaline conditions (80): 
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0 
QOH + CH^ SO^ Cl Q-OSCH^  -|^  Q-OOH (11-17) 
0 
Miscellaneous reagents 
The LiClO^  solution was prepared by neutralizing LigCO^  with HCIO^ , 
followed by evaporation of the solvent to yield LiClO^  crystals. After 
recrystallization, a concentrated stock solution was prepared and 
standardized by titration of the acid which was displaced from a cation 
exchange column by a quantitative aliquot of the LiClO^  solution. 
Other commercially available reagents, such as: HCIO^ , CoCl2'6H20, 
dimethyIglyoxime, alkyl halides, cyclopentanol, methane sulfonylchloride, 
etc. were used without further purification. 
Methods 
Characterization of the synthesized compounds 
Elemental analyses for C, H and N were done by the Ames Laboratory 
analytical service group. Cobalt was determined as Co(NCS)^  spectro-
photometrically (6^ 23 nm ~ 1842 M ^ cm ^ ) after fuming the sample in 
perchloric acid. Their data are listed in Table II-l. 
The cobalt compounds were also characterized by electronic absorp­
tion and NMR spectroscopies; the latter affords the most characteristic 
features useful for the identifications. 
The UV-visible spectra were recorded using a Gary 219 spectrophotometer, 
The analogous species exhibit similar absorptions. Spectra of 2-propyl-
cobaloximes and 2-propylperoxycobaloximes are shown in Figures II-2 and II-3, 
Table II-1. Data of elemental analysis of some cobalt complexes 
Formular % found (calcd,) 
Compound weight C H N Co 
c-C^ HgCoCdmgHjgPy 437 49.05(49.43) 6.40(6.50) 15.39(16.01) 13.50(13.47) 
c-G^ HgOOCo(dmgH)2Py 469 45.70(46.06) 5.93(6.01) 14.70(14.92) -
iso-C^ H^ OOCoCdmgH)^ py 443 42.69(43.34) 5.78(5.90) 15.66(15.80) -
[H20Co(dmg2H3)py](C10^ )2 586 27.00(26.6) 4.15(3.75) 12.34(11.9) 11.87(10.1) 
Absorptivity / M" cm 
J Ï 
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Figure II-3. The UV-visible spectrum of 8.0 x 10 (CH^ )2CB[00Co(dmgH)2Py. 
o / N * " ^ ^  o  0  n  " î  r >  \ OAA—&AA Trrn 
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and 400-600 nm, 1 cm path length 
I 
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and a complete data summary is shown in Table II-2. The NMR spectra 
were taken at room tenterature on a 60 MHz of Perkins-Hitachi R-20B 
high resolution model or a Varian HA-100 spectrometer. Figures 11-4 
to II-6 show these spectra of the cobalt compounds. 
The ^ H NMR spectra of cyclopentyl methane sulfonate and cyclopentyl 
hydroperoxide are shown in Figures II-7 and II-8. The later compound 
was also characterized with a high resolution AE1-902 mass spectrometer. 
Its molecular weight was evaluated as 102.06805 (calculated 102.06808). 
The spectrum is shown in Figure II-9. Table II-3 gives the complete 
H^ NMR data. 
Product identification 
In addition to the NMR studies of the products, as will be il­
lustrated later, gas chromatography and an iodometric titration method 
were used to do either qualitative or quantitative analyses for the 
organic products. 
A gas chromatograph instrument, Hewlett-Packard Model 5700A, was 
used to analyze the products from 2-propyIperoxy(pyridine)coba1oxime 
after decomposition by acid in aqueous solution, and a Tracor 560 instru­
ment was used for cyclopentylperoxy(pyridine) cobaloxime. In both 
cases, a 10% FFAP column was used with a column temperature of 100°C. 
The major product in each case was identified by examining the overlap 
of the most prominent peak from the sample solution in comparison 
with the peak obtained for the authentic compound. 
A method of iodometric titration originally used for hydrogen 
peroxide was satisfactorily used to determine the amount of alkyl 
1 
I 
Table II-2. Data for UV-visible absorption of the cobalt complexes 
Confound Solvent 
(a) Organocobaloximes^  
iso-C^ H^ CoCdmgH)^ -Vy 
iso-CgD^ Co(dmgH)g-Py 
iso-CgSyCo(dmgH)^ -OH^  
Iso-C^ H^ CoCdmgH)g-Pip 
sec-C^ HgCo(dmgH) ^-Vy 
c-C^ HgCo(dmgH) ^-Py 
c-CgHgCo(dmgH)2-0H2 
(b) Alkylperoxycobaloximes 
iso-CgSyOOCo(dmgH)g-Py 
iso-C^ DyOOCo(dmgS) g-Py 
iso-C^ H^ OOCo(dmgH)2" OH^  
iso-C2H^ OOCo(dmgH)2-pip 
iso-C^ S^ OOCo(d=gH) 
c-C^ HgOOCo(dmgH)2"Py 
(c) Inorganic Co^ ^^ ^^ -Cobaloximes 
[(H20)2Co(dmgH)2][C10^ ]^  
(H^ O) Co (dmgS) gPy] (ClO^ ) 
H2O 
MeOH/HgO 
H2O 
H2O 
H2O 
H2O 
Me0H/H20 
H2O 
H2O 
H2O 
H2O 
H2O 
H2O 
H2O 
*2° 
462(-) 
462(-) 
462(1300) 
462(1300) 
462(-) 
460(-) 
460(-) 
298sh(8100) 
294sh(6000) 
292sh(7500) 
288sh(9000) 
2S8s'n(5100) 
280sh(-) 
340(2000) 
340sh(-) 
Organocobaloximes "instantaneously" lose axial base in aqueous 
solution; the species being studied is thus RCo(dmgH)20H2. 
F^rom R. A. Heckmann, Ph.D. dissertation, Iowa State University; 
see Ref. (37). 
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\ /urn (e/dm^ mol ^ cm 
max 
386sh(-) 
388sh (-) 
386sh(1600) 
382sh(1700) 
384sh(-) 
380sh(-) 
380sh(-) 
320sh(-) 
320sh(-) 
320sh(4200) 
316sh(3800) 
320sh(-) 
316sh(-) 
320sh(-) 
280sh(-) 
288sh(-) 
280sh(6200) 
280sli(5400) 
280sh(-) 
278sh(-) 
280sh(-) 
242(24000) 
244(18000) 
244(23000) 
244(22000) 
244(15000) 
244(-) 
230(-) 
230(-) 
230(24000) 
230(24000) 
230(-) 
230(-) 
Not determined 
240(21000) 
242(24000) 
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Figure 11-4= The H NMR spectra of 2-propyl- and 2-propyIperoxy(pyridine)-
cobaloximes in CDCI3 
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Figure II-5. The K îvîR spectra of 2-butyl- and 2-butylp£rcxy(pyridir.s)-
cobaloximes in CDCl. 
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Figure II-6. The H NMR spectra of cyclopentyl- and cyclopentylperoxy-
(pyridine)cobaloximes in CDCl. 
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W- •XJ 
J I L t ppm 8 
Figure II-7. The H NMR spectrum of cyclopentyl methanesulfonate, 
neat sample 
Figure II-8. The H NMR spectrum of cyclopentyl hydroperoxide, neat 
sample 
 ^ -IW 
m / e 
Figure II-9. Tlie mass spectrum of cyclopentyl hydroperoxide, anal, mass: 102.06805, clcd. mass 
102 ,,06808 
Table II-3. NMR data of synthesized compounds 
Compound Solvent 
Part A. Organocobaloximes 
iso-C^ H^ Co(dmgH)^ -Py CDCl, 
iso-C^ DyCoCdmgH)^ -Py CDCl, 
iso-C^ H^ CoCdmgH)£"^ 2^ CDgOD 
iso-C^ H^ CoCdmgH)^ -Pip CDCl^  
iso-C^ H^ CoCdmgH) 2-NH2 2^*^  
(Et)(Me)CHCo(dmgH)2-Py CDCl^  
c-C^ HgCo(dmgH)^ -Py CDCl, 
c-C^ HgCo(dmgH)2-0H2 CDgOD 
Part B. Alkylperoxycobaloximes 
iso-C^ H^ OOCo(dmgH)2"^ y CDCl^  
iso-C^ D^ OOCoCdmgH)^ -Py CDCl^  
iso-C^ a^ O O C o ( d m g H ) ^ 2 °  
iso-C^ H^ 00Co(dmgH)2-Pip D^ O 
CDCl, 
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Chemical shlft/ppm vs. TMS 
Alkyl group CH^ -DMGH Base ligand 
0.46(d) 2.13(m) 
0.20(d) 
-CH(CH3)2 
0.37(d) 
-CECCHg)^  
0.41(d) 
-CHOCHg)^  
2.23(m) 
-CHCCHg)^  
2.28(m) 
-ŒCCHg)^  
2.21(m) 
-CHKCKg)^  
0.43(d) 0,83(t) 1.2(m) 
.CH^(Me) -CE^(Et) -CB.^(.Et) 
1.40(m) 
(0*2)4 
1.33 (m) 
(CEg)^  
2.11(m) 
-CH 
2.23(m) 
-CH 
2.13(s) 
2,12(s) 
2.23(s) 
2.28(s) 
2.21(s) 
1.63(m) 2.13(s) 
-CH 
2.11(s) 
2.23(s) 
8.48(m) 7.28(m) 7.59(m) 
Hûf-Py Eg-Py Hy-Py 
8.59(m) 7.25(m) 7.68(m) 
Hof-Py HP-Py Hy-Py 
1.56(m,6H) 2.77(m,4H) 
8.58(m) 7.28(m) 7.58(m) 
Ha-Py HP-Py Hy-Py 
8.67(m) 7.35(m) 7.77 (m) 
Ha-Py HP-Py Hy-Py 
0.91(d) 
.CH(CHg)2 
0.79(d) 
.CS(CHg)2 
0.81(d) 
0.84(d) 
.CH(CH^ )2 
3.40(m) 
.CH^ CHg)^  
3.15(m) 
-CKCH^ )^  
3.23(m) 
3.21(m) 
.CHCCHg)^  
2.30(s) 
2.30(s) 
2.53(s) 
2.45(s) 
2.42(s) 
8.37(m) 7.26(m) 7.67(m) 
Ha-Py HB-Py Hy-Py 
8.37(m) 7.22(m) 7.64(m) 
Ha-Py HP-Py Hy-Py 
1.35(m,6H) 2.67(m,4H) 
1.45(m,6H) 1.73(m,4H) 
Table II-3. Continued 
Compound Solvent 
iso-C^ HyOOCoCdmgH)^ -!®^  2^^  
CDgOD 
(Et) (Me)CHOOCo(dmgH) ^-Py CDCl^  
c-C^ HgOOCo(dmgH)2-Py CDCl^  
Part C. Organic compounds 
Cyclopentyl methane Neat 
sulfonate CDCl^  
Cyclopentyl Neat 
hydroperoxide CDCl^  
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Chemical shift/ppm vs. TMS 
Alkyl group CH^ -DMGH Base ligand 
0.85(d) 3.35(m) 2.43(s) -
0.81(d) 
-CH(CH^)2 -Ca(CH^ )2 
2.37(s) — 
0.91(d) 
CHg(Me) 
0.74(t) 1.15 (m) 
CH^ CEt) CH^ CEt) 
3.13(m) 
-CH 
2.30(8) 8.37(m) 
Hof-Py 
7. 20(m) 
HB-Py 
7.66 (m) 
Hy-Py 
1.42(m) 3.68(m) 
-CH 
2.28(s) 8.38(m) 
Ha-Py 
7.26 (m) 
H3-Py 
7.68(m) 
Hy-Py 
1.80(m) 
1.68(m) 
3.00(s) 
3.00(s) 
-CHg 
5.15(m) 
5.15(m) 
-CH 
1.68(m) 
1.68(m) 
4.63(m) 
4.63(m) 
8.40(s) 
5.88(s) 
1.68 (m) 
-(CEg)^ 
4.63(m) 
-CH -OOH 
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hydroperoxide (81). The sample solution was prepared in a total volume 
of 25.0 mL and contained IM of HCIO^  and alkylperoxycobaloxime of the 
order of millimolar concentration. This solution was deaerated with 
for more than two hours which was long enough to let the reaction go 
over 997o completion without air oxidation of iodide. This solution 
was divided into several portions. Into each portion, a large excess 
(~ 1 g) of Nal was added, followed by 5 drops of saturated starch 
indicator. The dark purple solution was titrated with 3.007 x 10 
Na^ Ssolution to light yellow. The relative stoichiometric rela­
tionship for produced ROOH and SgO^  is 1:2 according to the equations 
below. 
ROOH + 21" + 2H^  > + H^ O + ROH (11-18) 
I2 + ZSgOg" > S^ Og- + 21" (11-19) 
Kinetics 
Spec tropho tome try Two methods were used to study the kinetics. 
The first one was the conventional spectrophotometric method which was 
carried on all peroxo cobaloximes. The concentration of perchloric 
acid in the runs was varied from G.OOiM to O.IM. It was present in 
large excess over alkylperoxycobaloxime to achieve pseudo-first-order 
conditions. Lithium perchlorate was used to adjust the ionic strength 
to l.OOM. All solutions were well thermostated at 25.0 + 0.1°C, then 
mixed in a 1 cm quartz cell. After shaking the mixture for several 
seconds, the reactions were monitored using Gary 219 spectrophotometer 
by measuring the absorbance decrease of alkylperoxycobaloximes at about 
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300 nm versus time. 
The pseudo-fir St-order rate constants, were determined by 
evaluating the slopes of the plots of ln(D^  - against time according 
to Equation 11-20 
ln(D^  - D ) = ln(D - D ) - k , ,t (11-20) t œ o Œ> ODSd 
where and are the respective absorbance readings at the initial 
time, time t and at the completion of the reaction. One example for 
the reaction of (CH^ )^ CHOOCo(dmgH)^ Py is shown in Figure 11-10. The 
values of were mostly calculated by a nonlinear least-squares 
program, but occasionally by a-graphical method. 
In some kinetic runs, a two-stage reaction was observed. The 
plots of ln(D^  - D^ ) vs. time in such cases consisted of two added 
straight line segments according to Equation 11-21 
-k^ t -k^ t^ 
= OB + pe (11-21) 
If k_ >k k mav be determined simply by measuring the slope of the J. ij.' J.J. • -
long-term linear portion of the plot. The k^  value will be calculated 
by constructing a new parameter, A, 
-k^ lt "kj-t 
A= El - D - ge = œ (11-22) t ® 
t 
~^ I 
where pe for each t was obtained by es LimaLing the value at time t 
on the extrapolating line of the slow portion, and a plot of InA 
against time affords k^ . A typical case of this biphasic reaction is 
illustrated in Figure 11-11; the corresponding data are given in 
Table II-4. 
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Figure 11-10. The pseudo-first-order plots of the decomposition of 
(CH3)2CHOOCo(dmgH)2^ 7 at 25.0°C, p. = l.OM = 
0.0099M (O); 0.03M 0»; 0.07M (%); and 0.6M (#) 
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Figure 11-11. The pseudo-first-order plots for the biphasic kinetic 
data of Table 11-4, the reaction of 9.0 x 10" 
(CH3)2CHOOCo(dmgH)2Py with 0.07M HCIO^  at 25.0OC, 
M. = l.OM 
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Table II-4. The data for a typical biphasic kinetic experiment^  on 
the decomposition of a mixture of (CHg)2CH00Co(dmgH)2Py 
and (CH^ )2CHOOC0(dmgH)2OH2 by perchloric acid 
t/s 
*t x" 
6= t/s »t 
40 0.474 0.228 0.0375 750 0.397 
60 0.462 0.226 0.0270 870 0.391 
80 0.454 0.225 0.0200 990 0.385 
100 0.447 0.224 0.0140 1230 0.373 
120 0.443 0.223 0.0105 1470 0.363 
140 0.439 - — 1710 0,352 
160 0.436 - — 1950 0.344 
180 0.433 — — 2190 0.335 
200 0.431 - — 2430 0.326 
220 0.429 — - 2670 0.319 
CO 0.209 
C^onditions of this reaction are [(CHg)2CHOOC0(dmgH)2Py]g = 
9.0 X 10-5M, [H<-] = Q.07Q49M, = 1.0, \ = 320 nm, T = 25,0^ 0, 
optical path 1 cm. 
c A = D. - D - X = œ t ® 
Gas chromatographv In addition to the spectrophotometric method, 
the reaction vas also monitored by measuring the formation rate of 
the ketone by gas chromatography. These studies were only done for 
2-propyIperoxy(pyridine)cobaloxime and cyclopentylperoxy(pyridine)-
cobaloxime. 
The reaction solutions consisted of aikyiperoxycobaloxime in 
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millimolar concentration, and 0.2M HCIO^  for the 2-propyl or O.IM 
HCIO^  for the cyclopentyl complex. The ionic strength was fixed at 
l.OM. Temperature was not controlled in the course of the reaction, 
but reasonably estimated as 23 + 2°C. The peaks corresponding to the 
products were identified by comparison with reagent grade acetone and 
cyclopentanone, and their peak heights were measured against time. Since 
the sensitivity of the instrument varied occasionally, certain organic 
reagents were added as internal reference. In the reaction of the 2-propyl 
system, 2-propanol was used as the standard, and acetone was used for 
the cyclopentyl system. The ratios of the peak heights of ketone to the 
peak heights of the standard were plotted vs. time, allowing the ap­
parent rate constants of the formation of ketone to be determined and 
compared with that obtained spectrophotometrically. 
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RESULTS 
Product Analysis 
HMR analysis 
The organic products of the decomposition of secondary-alkyIperoxy-
cobaloximes R^ R^ CHOOCo(dmgH), by aqueous perchloric acid have been 
identified as a mixture of secondary-alkyl hydroperoxide, R^ R2CHOOH, and 
ketone, R^ R2C=0. The NMR analyses of the products were done for 
(CHg)^ CSOOCo(dmgH)with L = pyridine, piperidine, and water, 
(CHg)(C2Hg)CH00Co(dmgH)2Py and c-C^ H^ OOCo(dmgH)^ Py. 
According to Bied-Charreton and Gaudemer's study, 2-butylperoxy-
(pyridine)cobaloxime was exclusively decomposed to 2-butyl hydroperoxide 
by 47o CF^ COOH in CDCl^  (69). Reaction (3) repeated this experiment, 
and the data exhibited in Table 11-5 confirmed this result. In Entry 
(8), the cyclopentyl complex was reacted with CF^ COOH under the same 
condition. The product was confirmed to be cyclopentyl hydroperoxide, 
because its NMR spectrum was in good agreement with that of the authentic 
sample. Their data are listed in Entries (10) and (11). The reaction 
product of 2-propylperoxy(pyridine)cobaloxime with CF^ COOH shown in 
Entry (1) was reasonably recognized as 2-propyl hydroperoxide. 
The NMR data for the alkyl hydroperoxides and for the authentic 
ketones as the standards, the organic products of the Reactions 2, 5, 
6, 7, and 9 in Table II-5 are identified and summarized in Table II-6. 
Their yields were afforded by integration of the areas of the cor­
responding resonances. A typical spectrum of reaction 5, illustrated 
in Figure 11-12, gives positive evidence for the formation of 2-butanone 
Table II-5. The NMR data of the organic products of the decomposition of RiR2CHOOCo(dmgH)2L 
by perchloric acid 
Chemical shift/ppm (6) 
Reaction Solvent 
*1*2 CHOOH R^ R2C=0 
(1) (CH3)2CHOOCo(dmgH)2Py CDCI3 1.27(d) 4.34(m) 
+ CFgCOOH -CH3 -CH 
(2) (CH3)2CH00Co(dmgH)2Py d2o 1.18(d) 4.23(ra) 2.22(s) 
+ HCIO^  
-CH3 -CH -CH3 
(3) (C2H^ )(CH2)CH00Co- CDClg 0.93(t) 1.25(d) 1.58(m) 4.15(m) 
(dmgH)2Py + CF^ COOH CH3(Et) CH3(Me) CH2(Et) -CH 
(4) (c2hg)(ch2)ch00co- CDClg 0.93(t) 1.23(d) 1.55(m) 4.02(m) 2.12(s) 1.04(t) 
(dmgHjgPy + HCIO^  CH3(Et) chgcme) CH2(Et) -CH CH3(Me) CH3(Et) 
(5) (C2H^ )(CH2)CHOOCo- D2O 0.88(t) 1.18(d) 1.53(m) 4.01(m) 2.19(s) l.OO(t) 
(dmgHjgPy + HCIO^  CHgCEt) CH3(Me) CH2(Et) -CH CH3(Me) CH3(Et) 
(6) (CHg)2CHOOCo(dmgH)2Pip D2O 1.19(d) 4.23(m) 2.25(8) 
+ HCIO^  
-CH3 -CH -CH3 
(7) (chg)2CH00Co(dmgH)ghgo DgO 1.19(d) 4.23(m) 
+ HCIO^  
-CH3 -CH 
Table II-5. Continued 
Chemical shlft/ppm (6) 
(13) (CH2)2C0 
(14) (C2Hg)(CH2)C0 
Reaction Solvent R^ RgCHOOH Rj^ R^ C^ O 
(8) c-C^ HgOOCo(dmgH)2Py CDClg 1.70(m) 4.66(m) 
+ CF^ COOH -(CH,)^  -CH 
(9) c-C^ HgOOCo(dmgH)2Py CDClg 1.72(m) 4.58 (m) 1.99(m) 2.14(m) 
+HC10^  
-(2*2)4 -CH -CHg -CHg 
(10) C^ HgOOH CDClg 1.70(m) 4.63 (m) 6.63(m) 
1 J -CH -OOH 
(11) CgHgOOH + HCIO^  DgO 1.72(m) 4.60(m) 
-CH 
(12) CgHgOOH + HCIO^  D2O 1.70(m) 4.60(m) 1.99(m) 2.26(m) 
+ HCIO, 4 -(0*2)4 -CH -CHg -CHg 
*2° 
»20 
2.22(8)  
-CHL 
2.20( 8 )  l.OO(t) 2.58(q) 
CHg(Me) CHg(Et) CHgCEt) 
U^sing CDCI3 as the solvent instead of D2O is because of the low solubility of 
c-CgHgOOCo(dmgH)2Py in D2O. 
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Table II-6. Organic products of the decomposition of secondary-
alkylperoxycobaloximes by perchloric acid 
Reaction Solvent Organic product (7» yield) 
(CHg) ^CHOOCo (dmgH) ^Py 
+ HCIO, 4 
(CK^ )^ CHOOCo(dmgH)^ Pip D^ O 
+HC10, 4 
(CHg) ^CHOOCo (dmgH) ^OH^  D^ O 
+HC10, 4 
(CgHg)(CH3)CHOOCo(dmgH)^ Py D^ O 
+HC10, 4 
c-CgHgOOCo(dmgH)^ Py CDCl^  
+HC10. 4 
and 2-butyl hydroperoxide. All peaks owing to ketone are enhanced, 
show:' that it is feasible to recognize this product by adding authentic 
2-butanone to the reacted solution. It was found that all these acidified 
solutions containing hydroperoxide and ketone remained stable for more 
than 24 hours during which they showed exactly the same NMR spectra. 
That indicated that alkyl hydroperoxides were stable toward decomposition 
to ketone in acidic aqueous solution. In other words, alkyl hydro-
CHOOH (65%) C=0 (35%) 
H^ C H^ C 
CHOOH (71%) C=0 (29%) 
CHOOH (100%) 
\h00H (65%) C^=0 (35%) 
H^ C H^ C 
Q O^OH 12^ =0 
I 
I I I » 
» ' I ' 
-w I I I I I T I I I I I I I I 
-T-r 
T-T-I I I I I I I I I I I I I I 1 I I I I I I I : I I I 
v 
i J.I I 4 i l.i < à I , I.J-i , t I <• 1 1.1 ,1-4 l-t, I.A-i , J - L-l 1,1 J J I J  I I I 
_L L_l.l._l. ,1 I I ^  L.I i.l 1.1 l.J«.^ i-J 
• 4-A.lL t .l.i, I J I L I .t I Ll.i—1 
• •I L.I ill I 
f I ^ * td 
oppni 
11-12. The NMR spectrum of a mixture of 2-butanone, 2-butyl hydroperoxide, and 
H20Co(dmgH)2Py^  Ion, pioduced from the decomposition of 2-butylperoxy(pyridine)-
cobaloxlme by conc. HCIO^  in D2O. The data are analyzed in Table II-5, Entry (5). 
Adding trace of 2-butanone Into the solution, all ketone peaks (labeled with *) 
are enhanced 
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peroxide and ketone were formed in parallel during the decomposition 
of the alkylperoxo cobalt complex, and not formed subsequently. 
The inorganic cobalt products of the reactions investigated were 
identified as cobalt(III) ccxnplexes in which the original axial ligand 
coordinated to the cobaloxime was retained. That is, the reactions 
formed Co^ ^^ (dmgH), recognized by Î3MR studies, and not 
(H^ O)^ Co^ ^^ (dmgH)^ . Table II-7 gives these data; the pyridine resonances 
are not good evidence for identification, since they are not well-
distinguished from free pyridinium ion, but the sharp singlet of the 
(dmgH)^ -methyl groups is very useful for distinction. 
A yellow precipitate named as product X in Table II-7, collected 
from a reacted solution of saturated 2-propylperoxy(pyridine)cobaloxime 
and excess of perchloric acid, was recrystallized from methanol. Its 
NMR spectrum has a sharp singlet at 2.5 ppm (6) due to the (dmgH)2-
methyl groups, which matches satisfactorily with that of H20Co(dmgH)^ Py^  
ion, and is distinguishable from (H2O)^ CoCdmgH)^  ion. Also from the 
elemental analysis, product X is believed to be protonated aquo-
(pyridine)cobaloxime salt, [(H20)Co(dmg2H^ )Py](ClO^ )^  Anal: calcd. 
for CigEggNfClgO Co: C, 27.00; H, 4.15; N, 12.34; Co, 11.87, found: 
C, 26.6; H, 3.75; N, 11.9; Co, 10.1. 
The ÎÎMR spectrum of the cobalt product of the decomposed 
(CH.^ ) ^CHOOCo (dmgH) ^^ rees with that of (^ 2^  ^2^ °(ônigH) ^, having 
the resonance of the (dmgH)^ -methyl groups at 2.7 ppm (6). The 
piperidine species gives the corresponding singlet at 2.6 ppm (ô) 
under the same conditions, which is apparently distinct from either 
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Table II-7. The NMR data of the cobalt(III) products and other 
known cobalt species 
Compound or condition Solvent 
Chemical shift/ppm (5) 
CH^ (DMG) Axial ligand 
Part A; (H^ O)2Co(dmgH)^  ion 
(1) [(H^ Q)2Co(dmgH)^ ]C10^  
(2) [(5^ 0)200(dmgH)^ ]C10^  
+ HCIO^  
(3) CHgCo(dmgH)gHgO 
+ Hg2+/HC10^  
Part B: (H^ O)Co(dmgH)^ Py"*" ion 
(4) [(H20)Co(dmgH)2Py]C10^  
(5) [(H20)2C0(dmgH)2]C10^  
+ HCIO^  + Py(Xs) 
(6) CH_Co(dmgH) H 0 
CDgOD 
H^ O 
2.71(s) 
2.70(s) 
2.69(s) 
+ Hg^ '^ /HClO + Py(Xs) 
(CD3)2C0 2.51(S) 
°2° 
*2° 
2.51(S) 
2.52(s) 
Hof-Py Hp-Py Hy-Py 
7.95(m) 7.3(m) 7.8(m) 
(7) ROOCo(dmgH)^ Py + HCIO^  
R = 2-propyl, 2-butyl or 
cyclopentyl 
(8) Product X^  
(9) Product X + HCIO^  
D^ O 
CDgOD 
2.49(s) 7.93(m) 7.3(m) 7.75(m) 
(CD^ )gCO 2.50(s) 
D2O 
2.52(s) 8.0(m) 7.3(m) 7.8(m) 
7.95(m) 7.3(m) 7.8(m) 
2.48(s) 7.95(m) 7.3(m) 7.8(m) 
Signals covered by the strong resonances of free pyridine. 
P^roduct X is the crystal sample which was obtained from the reaction 
of saturated aqueous (CHg)2CHOOC0(dmgH)2Py and excess of HCIO4, then 
crystallized from methanol. 
Table II-7. Continued 
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Chemical shi£t/ppm (6) 
Compound or condition Solvent CH^ (DMG) Axial ligand 
(10) [H^ OCoCdrngm^ PyJClO^  (CD^ )20D 2.51(s) 7.95(m) 7.3(m) 7.8(m) 
+ Product X 
(11) [(H^ O)2Co(dmgH)^ ]C10^  D^ O 2.48(s) 7.95(m) 7.3(m) 7.8(m) 
+ Product X + HCIO^  2.70(s) 
(12) (CH^ )^ CHOOCo(dmgH)^ Pip D^ O 2.60(s) 1.37(m,6H) 2.40(m,4H) 
+ HCIO^  
(13) (CH^ )^ CHOOCo(dmgH)D^ O 2.70(s) 
+ HCIO, 4 
(H^ O)Co(dmgH) ^Py^  or (H^ O)^ Co(dmgE)^  ion. It is thought to be 
(H^ 0)Co(dmgH)2Pip^ . 
Iodometric titration 
The amount of alkyl hydroperoxides from the reactions of 2-propyl 
complex and its deuterated analogue was determined by iodometric titra­
tion. A test for a standard 82^ 2 solution shows good accuracy and 
reproducibility in Table II-8. 
Table II-8. Titrations of standard H2O2 solution 
Volume of O.IM H202/inL Volume of 0.003007M Na2820^ /ml Calculated [^ 2*^ 2^  
1.0 6.52 0.09802 
1.5 9.80 0.09823 
2.0 13.10 0.09848 
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The imitative solutions containing known amounts of hydrogen peroxide, 
pyridine, acetone, diaquocobaloxime ion, perchloric acid or the combina­
tion of these species showed no influence on the titration. The data 
are shown in Table II-9. 
Tables 11-10 and 11-11 give the data of the titrations for the real 
systems, in which the percentage yields of hydroperoxide are listed in 
the last column. The average yield of (CH^ )gCEOOH produced by the acid 
decomposition of (CH^ )^ CHOOCo(dmgE)2^ 7 is 58%, which is consistent, 
within experimental error, with the 65% yield determined by the NMR 
measurements and is believed to be more precise than the latter. For 
the deuterated system, the average yield of (CD2)2CDOOH is 92%. 
Kinetics 
Spectrophotometry 
The kinetics were studied in aqueous solution. Since some pyridine 
complexes were not very soluble in water, vigorous and long-term stirring 
was necessary at times to dissolve ths solid cobalt compounds prior to ini­
tiation of the reaction by addition of HCIO^ . A spectrophotometric method 
was used for the kinetic measurements. First of all, the spectral scans of 
the reaction were done to decide the best wavelength for kinetic monitoring 
and the proper concentration of the peroxy complexes to give a good ab-
sorbance change. A typical set of scans is shown in Figure 11-13. After 
mixing the reactants, an instant drop at the 300 nm shoulder and an instant 
rise at the 244 nm absorption maximum may be seen on the spectra. This can 
be attributed to the rapid protonation equilibrium at one of the oxime 
oxygen atoms. 
Table II-9. Titrations of HgOg in imitative solutions 
Solution I Solution II Solution III 
Amount of HgOg deliberately added (mmol) 
Volume of pyridine (mL) 
Volume of acetone (mL) 
Weight of [(H20)2Co(dmgH)2lC10^  (mg) 
Volume of IM HCIO^  (mL) 
Volume of 0.03007M Na.SgO. (mL) 
Calculated amount of HgOg (mmol) 
0.09824 
10 
6.48 
0.0974 
0.09824 
65(0.15 mmol) 
10 
6.55 
0.0985 
0.09824 
0,14(1.7 mmol) 
0.15(1.8 mmol) 
83(0.20 mmol) 
10 
6.40 
0.0962 
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Table 11-10. Titrations of isopropyl hydroperoxide 
Amount of Volume of Volume of 
(CHg)2CH00Co(dmgH)2Py reacted 0.003007M Amount of % relative 
in reacted solution solution Na2S203 (CHg)2CSOOE yield of 
mmol mL mL mmol ^^ 3^^  2CHOOH 
3.34 X  10-2 10.0 11.85 1.78 X  10-2 53 
3.34 X  10-2 10.0 12.45 1.87 X  10-2 56 
3.34 X  10-2 10.0 14.00 2.10 X  10" 2 63 
1.68 X  10-2 5.0 6.40 9.62 X  10-3 57 
1.75 X  10-2 5.2 8.20 1.23 X  10-2 56 
3.36 X  10-2 10.0 12.60 1.89 X  10-2 70 
2.21 X  10-2 6.0 8.10 1.22 X  10-2 55 
3.16 X  10-2 8.6 12.20 1.83 X  10-2 58 
3.68 X  10-2 10.0 13.40 2.01 X  10-2 55 
ROOCoCdmgH)^ ! + ROOCoCdmg^ H^ )!'^  (11-23) 
which is shifted to the right upon addition of H^ . Following this, the 
spectrum steadily changed and showed an isosbestic point at X265 nm 
during the cleavage reactions with H*", indicating that the protonated 
species decomposed to a single cobalt product. Since all alkylperoxy-
cobaloximes have similar electronic spectra, the decay of the shoulder 
at >300 nm was chosen to measure the kinetic runs. 
The reaction studied under a large excess of [H*"], followed 
pseudo-first-order kinetics. The linearity of the standard plots of 
ln(D^  - D^ ) vs. time of most runs lasted for five half-lives confirming 
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Table 11-11. Titrations of d^ -isopropyl hydroperoxide 
Amount of Volume of Volume of 
(CD3)2CDOOC0(dmgH)2Py reacted 0.003007M Amount of % relative 
in reacted solution solution Ha2S203 (CD3)2CDOOE yield of 
m m o l  m L  m L  m m o l  ( C D 3 ) 2 C D 0 0 H  
2 . 5 3  
- 2  
x  1 0  7 . 0  1 5 . 3 0  2 . 3 0  X  1 0 - 2  9 1  
2 . 6 7  
_ 2  
X  1 0  7 . 4  1 6 . 1 5  2 . 4 3  X  1 0 - 2  9 1  
3 . 6 1  X  1 0 " ^  1 0 . 0  2 2 . 7 5  3 . 4 2  X  1 0 - 2  9 5  
2 . 0 4  X  1 0 " ^  5 . 0  1 5 , 1 0  2 . 2 7  X  1 0 "  2  1 1 2  
3 . 9 1  
- 2  
X  1 0  9 . 6  2 4 . 0 5  3 . 6 2  X  1 0 "  2  9 3  
4 . 0 7  X  1 0 " ^  1 0 . 0  2 3 . 3 5  3 . 5 1  X  1 0 - 2  8 6  
1 . 5 6  X  l O ' ^  5 . 2  8 8 . 6 0  1 . 2 9  X  1 0 - 2  8 3  
3 . 0 0  
- 2  
X  1 0  1 0 . 0  1 7 . 3 0  2 . 6 0  X  1 0 - 2  8 7  
3 . 0 0  
- 2  
X  1 0  1 0 . 0  1 9 . 5 0  2 . 9 3  X  1 0 - 2  9 8  
the first-order dependence on [R00Co(dmgH)2L]. The kinetic data for 
all the organoperoxycobaloximes are listed in Tables 11-12 to 11-18. 
In some of these runs for the 2-propyl complexes, biphasic kinetics 
were observed. The rate constants for the slow portion are in agree­
ment with other runs containing the same acid concentrations, but the 
first stage of the reaction gave an apparent rate constant, 
approximately 500 times greater, and an appreciable absorbance change, 
generally 20-307» of the total. Table 11-19 gives these data which 
showed that values of and are satisfactorily consistent 
with values of k^ ^^  ^for (CH^ )^ CHOOCo(dmgH)^ Py and (CH^ )^ CHOOCo(dmgH)2^ ^^  ^
in Tables 11-12 and 11-18, respectively, within the experimental error. 
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Figure 11-13. UV-visible spectral scans during reactions of 
(CH3)2CHOOCo(dmgH)2Py with HCIO4. Conditions: [3^ ] = 
0.500M, y. = l.OM, T = 25.0°C, ti/2 = 18 min. (k^ bsd = 
6.42 X 10-4S-1, 104[Complex]o = 1.5M (right), 0.40M 
(left)). The number shown for each spectrum is the 
time (min.) at which the scan was begun= The dotted 
line shows the spectrum of an unacidified solution of 
the same complex at jj. = l.OM, the difference between it 
and the first spectrum recorded in 0.500M solution 
arising from the rapidly established protonation 
equilibrium of Equation 11-23. 
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Table 11-12. Kinetic data for (CIL) .CHOOCo(dmgH) .Py + HCIO,, at 
25.0 ± O.IOC, p, = l.OM 
10^  [Complex] ^/M ]/M 
— 0.00987 0,556 + 0.003 
— 
— 0,563 + 0.003 
— — 0.603 + 0.004 
4.98 0.0151 0,7869 + 0.0005 
4.95 0.0201 0.984 + 0.004 
4.95 0.0201 1.021 + 0.004 
4.90 0.0302 1.416 ± 0.03 
4.90 0.0302 1.415 + 0.003 
— 0.0404 1.79 + 0.05 
— 0.0404 1.99 + 0.09 
1.54 0.0404 1.91 + 0.05 
3.84 0.0503 2.39 ± 0.05 
3.84 0.0503 2.37 + 0,05 
1,92 0.0503 2.30 ± 0,01 
2.88 0.0602 2.41* 
2.88 0.0602 2.35 
1.74 0.0700 3.16 + 0,07 
1.74 0,0700 3.08 ± 0.08 
1.54 0,0700 3.06 + 0.04 
1.00 0.0799 3.22 + 0.05 
1.54 0.0799 3.10 + 0.01 
2.88 0.0898 3.08 
2.88 0.0898 3.08 
1.00 0.0898 3.10 
1.00 0.0898 3.34 + 0.06 
1.54 0.0996 3.75 + 0.02 
1.92 0.0996 3.50 + Û.Û09 
1,92 0.1331 3.87 + 0.01 
1.92 0.1331 4.06 + 0.01 
3.84 0.2003 4.99 ± 0.04 
3.84 0.2003 5,01 + 0.05 
1.54 0.2996 5,48 ± 0.01 
2,03 0.6042 6,511 + 0.009 
2.03 0.6042 6.516 + 0.011 
2.03 0.6042 6,47 ± 0.01 
2.10 0.9399 6.84 + 0.02 
2.10 0.9399 6.46 + 0.01 
2.10 0.9399 7.66 + 0.05 
D^ata without standard deviation were analyzed by graphical 
method. 
i 
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Table 11-13. Kinetic data for 2-C^ H^ OOCo(dmgH)+ HCIO^  at p, = l.OM 
10^  [Complex] ^/M [H^ ]/M T/OC lo\^ ^^ /s"^  
2.0 0.0101 25.0 0.688 ± 0.007 
2.0 0.0101 25.0 0.655 + 0.006 
2.0 0.0151 25.0 1.001 + 0.004 
2.0 0.0151 25.0 0,752 + 0.006 
2.0 0.0201 25.0 1.294 + 0.003 
2.0 0.0302 25.0 1.848 + 0,004 
3.5 0.0404 25.3 2.188 + 0.018 
3.5 0.0404 25.3 2.186 + 0.019 
3,5 0.0799 25.4 3.362 + 0.006 
3.5 0.0799 25.4 3.328 + 0.006 
4.6 0.0996 25.7 4.156 + 0.008 
4.6 0.0996 25.7 4.164 + 0.010 
5.5 0.1499 25.7 4.674 + 0.015 
5.5 0.1499 25.7 4.737 + 0.014 
4.6 0.2003 25.7 5.156 ± 0.021 
4.6 0.2003 25.7 5.414 + 0.020 
5.5 0.2996 25.5 6.142 + 0.025 
1.2 0.6042 25.0 7.57 + 0.05 
1.2 0.6042 25.0 7.66 ± 0.04 
1.2 0.6042 25.0 7.61 + 0.04 
2.2 0.9399 25.0 8.17 + 0.01 
1.2 0.9399 25.0 8.11 + 0.02 
1.2 0.9399 25.0 8.09 + 0.01 
3.2 0.0404 15.8 0.5178 + 0.0050 
3.2 0.0799 15.8 0.7840 + 0.0004 
3.0 0.1331 15.8 1.105 + 0,002 
O 1 C 1470 15.S 1 053 + 0.004 
2.3 0.2996 15.8 1.047 ± 0,085 
3.6 — 15.8 1.488 + 0.002 
3.0 0.0395 31.4 6.718 + 0.009 
3.0 0.0395 31.4 6.684 + 0.014 
3.0 0.0395 31.4 6.828 + 0.016 
3.0 0.0789 31.4 9.939 + 0.013 
3.0 0.0789 31.4 9.997 + 0.028 
3.0 0.1611 31.4 14.46 + 0.69 
3.0 0.1611 31.4 14.83 ± 0.22 
3.0 0.3190 31.4 18.72 -r 0.03 
3.0 0.3190 31.4 17.38 + 0.08 
3.0 0.3190 31.4 17.61 + 0.04 
3.7 0.0404 38.7 21.20 ± 0,22 
3.7 0.0799 38.7 31.53 + 0,26 
3.4 0.1499 38.6 44.71 + 0,30 
3.1 0.2996 38.6 50.97 + 0.47 
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Table 11-13. Continued 
10^  [Complex] ^/M T/OC lO^ ^^ /^s"^  
3.7 0.01973 44.3 35.15 + 0.32 
3.7 0.01973 44.3 35.09 ± 0.35 
3.7 0.01973 44.3 36.70 ± 0.52 
1.9 0.03946 44.3 66.5 + 3.0 
1.9 0.03946 44.3 59.4 + 1.2 
3.7 0.05919 44.3 82.7 ± 1.2 
3.7 0.05919 44.3 77.44 + 0.61 
2.5 0.07892 44.3 82.4 ± 1.1 
2.5 0.07892 44.3 90.4 ± 1.4 
2.5 0.07892 44.4 89.51 + 0.80 
Table 11-14. Kinetic data for c-C^ HgOOCo(dmgH)^ Py + HCIO^ , at p, = l.OM 
10^  [Complex] ^/M [H^ ]/M T/^ C lo\^ g^/s"^  
0.010 25.0 0.718 + 0.004 
- 0.010 25.0 0.738 + 0.003 
- 0.020 25.0 1.377 + 0.007 
- 0.020 25.0 1.380 + 0.003 
- 0.040 25.0 2.619 + 0.004 
- 0.040 25.0 2.578 + 0.006 
- 0.070 25.0 3.640 + 0.007 
5.0 0.1002 25.9 5.07 + 0.07 
5.0 0.1002 25.9 5.11 + 0.06 
3.0 0.2996 25.5 8.20 + 0.038 
3.0 0.500 25.0 9.10 + 0.04 
3.0 0.500 25.0 9.05 + 0.06 
1.0 0.799 25.9 9.86 + 0.10 
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Table 11-15. Kinetic data for (CDg)2CD00Co(dmgH)2^ 7 + HCIO4, at 
25.0 + O.IOC, p, = l.OM 
10^ [Complex]^ /M  ^
3.0 0.0404 1.316 ± 0.004 
1.205 + 0.002 
3.0 0.0799 1.898 + 0.018 
1.922 + 0.008 
3.0 0.0996 2.059 ± 0.010 
2.145 ± 0.008 
1.0 0.1007 2.14^  
1.95 0.197 2.931 + 0.006 
3.029 ± 0.007 
0.89 0.2014 2.93 
3.0 0.2996 3.436 + 0.008 
3.522 + 0.008 
0.78 0.3021 3.11 
a^ta without standard deviation were analyzed by a graphical 
method. 
It suggests that the substitution of the axial pyridine by water occurs 
in the peroxy complex although not as rapidly as for alkyl(pyridine) 
cobaloximes. Equilibrium between the pyridine compound and the aquo 
compound in the alkyIperoxycobaloximes is achieved gradually, and 
significant concentrations of both species build up, if the solutions 
are kept long enough. They react with acid simultaneously, but the 
aquo compound shows a much higher rate. 
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Table 11-16. Kinetic data for (CHg)2CEOOC0(dmgH)2pip + HCIO^ , at 
25.00 + 0.020c, 10, = l.OM 
10^ [Complex]^ /M [HC10^ ]/M 
1.11 0.00988 2.40 
2.35 
1.05 0.01515 3.15 
3.55 
1.01 0.01976 3.96 
3.68 
0.91 0.03030 4.78 
4.80 
0.81 0.04018 5.70 
5.80 
1.16 0.1976 8.70 
8.81 
1.10 0.5006 10.1 
9.89 
1.01 1.001 10.6 
10.6 
The pseudo-first-order rate constant approaches a limiting maximum 
when ] is high as in Figure 11-14. In the plot of vs. 
[H*"] ^ , a linear relationship was acquired for all alkylperoxycobaloximes. 
The data for 2^  ^and (CD^ ) ^CDOOCo(dmgH) shown in 
Figure 11-15 are typical. A mathematical form of this plot can be ex-
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Table 11-17. Kinetic data for (0%)2CHOOC0(dmgR)+ HClO, , at 
25.00 ± O.IOC, n = l.OM  ^  ^
[H^  ] lo\ , /s"l 
ODS 
0.00988 0.77 
0.01515 0.986 
0.01976 1.15 
0.03030 1.38 
0.1001 2.16 
0.1976 2.38 
1.001 2.45 
 ^[ (CHg) ^CHOOCo (dmgH)  ^~ lO'^ M. 
pressed as Equation 11-24, where a and b represent the slope and the 
intercept on ordinate of the plot, respectively. 
=  a ( — +  b  ( 1 1 - 2 4 )  
obsd [r ] 
A computer fit of the values of at each [BT] for C^HOOCo(dmgH) ^Py 
is given in Table 11-20. The agreement between the calculated and the 
experimental values also proves this relationship. 
A comparable equation may also be derived from an equilibrium 
leading mechanism. Since the equilibration by protonation on one of 
the oxygen atoms of the oxime group has been well-known in alkyl-
cobaloximes, a basic mechanistic scheme may be designated as follows: 
112 
Table 11-18. Kinetic data for (CHg)2CH00Co(diagS)2OH2 + HCIO4, at 
25.00 + 0.050c, n = l.OM 
10^  [Complex] ^/M lo\^ g^/s"^  
1.77 0.01007 0.245 
1.77 0.01007 0.244 
1.77 0.01007 0.244 
1.77 0.01343 0.361 
1.77 0.01343 0.345 
1.75 0.02014 0.507 
1.75 0.02014 0.520 
1.73 0.03021 0.740 
1.73 0.03021 0.760 
1.69 0.05035 1.22 
1.69 0.05035 1.22 
1.67 0.07049 1.70 
1.67 0.07049 1.71 
1.63 0.09063 2.10 
1.63 0.09063 2.10 
1.61 0.1007 2.40 
1.61 0.1007 2.46 
1.43 0.2014 4.50 
1.43 0.2014 4.50 
1.26 0.3021 6.00 
1.26 0.3021 6.10 
1.26 0.3021 6.00 
1.26 0.3021 5.90 
1.07 0.4028 7.40 
1.07 0.4028 7.50 
1.07 G.4028 7.60 
1.07 0.4028 7.70 
0.901 0.5035 8.45 
0.901 0.5035 8.90 
0.55 0.7049 10.1 
0.55 0.7049 10.1 
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Table 11-19. Kinetic data of the reaction of (CHg)2CH00Co(dmgH)2Py 
with HCIO^  in biphasic case, at 25.0OC, p. = l.OM 
lo'^ t^Complex] /M 1o\^ , ,/s"^  lo\' ,/s"^  
o ODsa obsd 
2 0.01 0.1 0.46 
0.84 0.06042 1.7 2.4 
0.91 0.06042 1.2 2.6 
0.90 0.07049 1.6 2.8 
2.7 0.07 1.4 2.8 
0.89 0.0795 1.75 2.9 
0.88 0.09063 2.2 3.1 
0.81 0.1007 1.8 3.8 
Scheme II-l 
, k-T , 
R^ R^ CHOOCo(dmgH) + H R^ R^ CHOOCoCdmg^ H^ )^  (11-25) 
ZR^ RgCHOOCoCdmgH) (dmgH^ )L'^  + H^ O 2(H20)Co(dmgH) 
+ R^ R^ CHOOH + R^ R2C=0 (II-26) 
Using the steady state approximation for [R^ R^ CHOOCo(dmg^ H^ )], the 
rate law may be written as Equation 11-27 
d[ROOCo(dmgH) L] kK^ [H^ ] 
- 71 — = ( —)[ROOCo(dmgH) L] (11-27) 
1 + Kg[H' ] - -
The pseudo-first-order rate constant thus has the form 
' 77^  
I 
*- / 
f 
I 
I I £i? J îiî "i» . "i» 
M / M 
Figure 11-14. Kinetic data for the reaction of (CH3)2CH00Co(dmgH)2Py with HCIO^  at 25.0°C, (i = l.OM, 
in a plot of vs„ [ff*"], Illustrating Equation 11-28 
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Figure 11-15. Kinetic data for the reaction of isoprcpylpercxy-
(pyridine)cobaloxime with aqueous perchloric acid. 
The plot depicts the linear variation of with 
according to Equation 11-24. The points repre­
sent the experimental values and their standard devia­
tions, and the line corresponds to fit the data to 
Equation 11-24 using a nonlinear least-squares computa­
tion: i-CgH^  (O); i-CgDy #). 
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Table 11-20. Observed^  and calculated^  pseudo-first-order rate 
constants for the overall disappearance os isopropyl-
peroxy(pyridine)cobaloxime at various hydrogen ion 
concentrations 
0.00987 0.574(25) 0.561 
0.0151 0.787 0.827 
0.0201 1.00(3) 1.06 
0.0302 1.42(2) 1.50 
0.0404 1.90(10) 1.89 
0.0503 2.35(5) 2.22 
0.0602 2.38(4) 2.52 
0.0700 3.10(5) 2.79 
0.0799 3.16(8) 3.03 
0.0898 3.15(13) 3.25 
0.100 3.62(18) 3.46 
0.133 3.97(13) 4.03 
0.200 5.00(1) 4.84 
0.300 5.48 5.57 
0.604 6.50(3) 6.58 
0.940 6.99(61) 7.02 
E^xperimental conditions (1^ 0-3^ 8)'x10 M [(CH3)2CHOOCo(dmgH)2Py]. 
25.0 + 0.1°C, ionic strength l.OOM (lithium perchlorate); the level of 
uncertainty in the last digit of kots> represented by the standard 
deviation between duplicate or triplicate runs, is shown in paren­
theses. 
C^alculated according to Equation 11-29 using the values of k = 
8.00 X 10-4 s-1 and = 7.63 M"!. 
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Relating Equation 11-28 to Equation 11-24, a and b in the latter may 
be replaced by l/kK^  and 1/k, i.e., 
1  1 1 1  
= (r^ ) + f (11-29) 
o^bsd  ^  ^
Because the relatively small k values give a vide range of the inter­
cepts, for plotting purpose. Equation 11-29 will rather be rearranged 
by multiplying [H^ ] on both sides, and expressed as in Equation 11-30 
with also substitution k and for a and b. 
obsd  ^  ^
Plotting [H^ ] /^ obsd ^ S^ n^st [H"*"] , k may be evaluated by the inverse of 
the slope and by slope/intercept. Figure 11-16 shows a series of 
these linear plots for the decomposition of ROOCo(dmgS)^ Py with various 
alkyl groups. Accurate values of Kg and k may also be determined by 
a nonlinear least-squares program. These data and those of benzyl 
system are shown in Table 11-21. It is noted that both parameters show 
a narrow range of values, rather insensitive to the variation of alkyl 
groups. 
The reaction for 2-butyl complex was studied as a function of 
temperature. The values of Kg and k are also summarized in Table 11-21, 
indicating that k is strongly temperature dependent, whereas ap­
pears nearly invariant with temperature within experimental error. 
The thermodynamic activation parameters for k can be evaluated em­
ploying Eyring's equation. 
in  ^^ + in (11-31) 
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r'xêliïTc XX—lu. Tit£ ixXtlôuXC plOuS 1.1 lu S c T S E^ UStXCîl XX* 30 fc? ths 
reactions of ROOCo(dmgH)2^ 7 with HCIO4 at 25°C, p. = l.OM. 
R = (CDo)oCD- (O); (CH.)oCH- #); (CgHc) (CH.)CE- (•) ; 
C-C5H9- (•) 
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Table 11-21. Kinetic parameters® for the overall disappearance of 
alkylperoxy(pyridine)cobaloximes, ROOCo(dmgH) 
R(T/oC) 10% 's" 1 V"' 
2-Propyl (25.0 + 0.1) 8.00 + 0.20 7.63 + 0.29 
Cyclopentyl (25.4 + 0.4) 12.0 + 0.3 6.60 + 0.23 
2-Butyl (15.8+0.1) 2.04 + 0.15 8.1 ± 0.10 
(25.4 ± 0.4) 9.3 + 0.3 7.35 ± 1.0 
(31.4 ± 0.2) 23.5 + 0.1 9.9 ± 0.9 
(38.6 + 0.2) 65.2 + 0.5 11.9 +0.1 
(44.3 ± 0.3) 178 + 22 13.1 + 3.0 
d^ -2-Propyl (25.0 + 0.05) 4.7 + 0.2 8.6 + 0.8 
Benzyl (22 + 3) ~ 14 - 2 
T^he parameters are those of Equation 11-29; conditions: aqueous 
solution, l.OOM ionic strength. 
k 1 A plot of In vs. shows linear relationship in Figure 11-17. A 
nonlinear least-square data rit gives the values of ^  - 118.4 ± 5.9 
kJ mol"^  and AS* = 93.3 ± 19.2 J mol"^  K"^ . 
The variation of plots of Equation 11-30 for the reactions of 
(CH^ )^ CHOOCo(dmgH)with different axial base is illustrated in 
Figure 11-18. Their kinetic parameters calculated by computer are 
listed in Table 11-22. The Kg values slightly increase for the complexes 
with stronger axial bases, such as piperiiin^  and ammonia. The rate 
constants of the decomposition step are not much different for most of 
the reactions except the aquo, which decomposes much more rapidly. 
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Figure 11-17. Illustrating the temperature dependence of k for the reac­
tion of (CH3)(C2H5)CHOOCo(dmgH)2Py with HCIO4 in a plot 
of ln(k/T) vs. (1/T). The rate constant k represents 
the sum of the rate constants for independent reactions 
and as such the slight upward curvature may be a real 
effect (see pg. 131). 
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Figure 11-18. The kinetic plots illustrating Equation 11-30 for the 
reactions of (CKg)2CH00Co(dmgH)2L with HCIO4 at 25^ C, 
H = l.OM. L = NH3 (O); Py (O); Pip (B); and H2O #). 
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Table 11-22. Kinetic parameters^  for the overall disappearance of 
isopropylperoxycobaloximes with different axial 
ligands L 
Kinetic parameters at 25.00c 
L k/s-1 Kg/ir 1 
Pyridine (8.00 + 0.20) X 10"^ 7.63 + 0.29 
Pyridine^  (4.7 ± 0.2 ) X lO"^  8.6 + 0.8 
Piperidine (10.6 + 0.2 ) X lO"^  28.8 + 1.0 
Ammonia (2.59 ± 0.06) X 10"^ 41.4 + 2.4 
Water 0.254 + 0.010 1.01 + 0.05 
T^he parameters are those of Equation 11-30; conditions: aqueous 
solution, l.OOM ionic strength. 
F^or (CD^ )^ CDOOCo(dmgH)^ Py. 
Gas chromatography 
The formation of ketone was monitored by GLC with time. The examina­
tion of alkyl hydroperoxides was impossible at lOO^ C, which was the tempera­
ture employed for the column. The reaction solution of 2-propyl system was 
prepared with 8.6 x 10 (CH^ )^ CEOOCoCdmgH)2Py, 0.20M HCIO^ , 80 ng/nl 
2-butanol as internal standard and fixing the ionic strength at 1.0 by 
LiClO^ . The ratios of the peak heights corresponding to the forming acetone 
vs. 2-butanol with time are shown in Table 11-23. The ratio values at zero 
time and the completion of the reaction were estimated by extrapolation. 
With these values and the half-life of the reaction at 25OC, which was 
determined by s pec tr opho tome tri c a1ly monitoring the disappearance of 
(CH^ )gCaOOCo(dmga)^ Py, a calculated curve was graphed. The experimental 
data plotted on the same graph are in good agreement with the calculated 
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Table 11-23. The gas chromatographic kinetic data for the formation 
of acetone of the reaction (CH3)2CHOOC0(dmgH)2Ï^  + HCIO4, 
p. = l.OM, T = 23 + 20c 
Peak height of acetone 
Time (min.) Peak height of 2-butanol 
0 0.43^  
2 0.46 
10 0.54 
20 0.70 
30 0.78 
40 0.85 
50 0.85 
50 0.90 
70 0.94 
80 1.07 
90 1.11 
100 1.12 
110 1.03 
120 1.11 
130 1.01 
140 0.96 
150 1.15 
160 1.17 
CO 1.05^  
V^alues were estimated by extrapolation. 
I I 
I 
1 
i 
i 
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kinetic curve, Figure 11-19. 
A similar analysis for the cyclopentyl system was done. Two runs 
with each containing 3 x 10 c-C^ H^ OOCo(dmgH)^ Py, O.IOM HCIO^ , 
79.5 ng/pL acetone, and p, = 1.0 were recorded. Their data and the 
corresponding graph are shown in Table 11-24 and Figure 11-20, 
respectively. The apparent rates of the formation of the cyclopentanone 
also agree with the apparent rate of the disappearance of 
c-C^ HgOOCo(dmgH)^ Py. 
• • 
-1.0 • 7 
• 1.05-^ 
<1 
'# # 
/• 
^^D.43 
0.2 
50 
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100 ISO 
irime / min. 
Figure 11-19. GC analysis of acetone formed in the reaction of (CHg)2CH00Co(dmgH)2Py with 0.200M 
HCIO4, plotted as (peak height of acetone)/(peak height of internal standard) vs. 
time. The data are shown in Table 11-23. The solid curve is calculated from the 
rate constant (4.99 x 10"^ S^"^ ) as determined spectrophotometrically and from the 
extrapolated data; [Acetonej^  = 0.43, FAcetone]% = 1.05. 
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Table 11-24. The gas chromatographed kinetic data of the formation 
of cyclopentanone of the reaction c-CgHgOOCo(dmgH)2Py 
+ HCIO^ , w. = 1.0; T = 23 + 
Run 1 Run 2 
Time (min.) Peak height of D=Ô~ Time (min.) Peak height of 13^ 0 
Peak height of acetone Peak height of acetone 
0 0.0  ^ 0 0.0  ^
1 0.028 6 0.064 
19 0.096 20 0.0987 
27 0.11 33 0.126 
36 0.14 47 0.177 
47 0.15 60 0.164 
56 0.15 72 0.180 
67 0.17 87 0.196 
87 0.19 100 0.189 
97 0.19 CO 0.200^  
107 0.20 
CO 0.21^  
V^alues estimated by extrapolation. 
•o 
-0.1 
>* 
20 120 40 100 60 80 
Time/min. 
Figure 11-20. GC analysis of cyclopentanone formed in the reaction of c-CgHgCo(dmgH)2Py with O.IOOM 
H(;104, plotted as (p&ak height of cyclopentanone)/(peak height of internal standard) 
vfi. time, llie data of Run 1 (#) , and Run 2 (O) are shown in Table 11-24. The solid 
curve is calculated from the rate constant (5.07 x lO'^ g-l) as determined spectro-
photometrically and i'rom the extrapolated data: [c-Pentanone]^  =0.00 and 
[c-Pentanone ] 00 == 0.2],, 
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INTERPRETATION AND DISCUSSION 
Protonation of the Oxime Oxygen Atom 
The rapid equilibrium protonation of one of the oxime oxygen atoms 
for alkyl(aquo)cobaloximes is well-known (82, 83). Values of 
increase monotonically with the size 
+ 4 
RCo(dmgH)^ HgO + T ^ —> RCo(dmg2Hg)H20 (11-32) 
of the alkyl group within a range of 1-4 M It indicates that a 
better electron-donating group will inductively transmit a larger 
part of its basicity to the oxime oxygen. The dependence of the axial 
ligand L trans to R was not studied, owing to the extreme lability of 
L in aqueous solutions. 
In this study, the analogous equilibria for ROOCo(dmgH)2L were 
also observed. Not only do the kinetic data suggest a protonation 
equilibrium, but also the instantaneous spectral change which occurs 
upon acidification, as shown in Figure 11-13, supports it. Equation 
11-25 has expressed this process. 
R^ R^ CHOOCo(dmgH)^ L + R^ R^ CHOOCo (dmg^ H^ ) L'*' (11-25) 
The value of for (CH^ ) ^CHOOCo(dmgH) 2^ 2^  determined as 1.01 M ^  
which is smaller than = 4.2+ 0 = 3 M ^  for (CH,)^ CHCo(dmgH),H,0, 
reflecting the 2-propyl peroxy group to be less electron-donating 
compared with the 2-propyl group, as expected. 
The size of the alkyl group is relatively unimportant in deter­
mining the basicity of the peroxy compound. This is not surprising 
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since it is two atoms further from the cobalt center than in alkyl-
cobaloximes. Various ROOCo(dmgH) 2^ 7 have the values of Kg lying in 
a narrow range and without significant correlation: R = i-C^ H^ CK^  = 
7.6 + 0.3 M"b, i-C^ D^ (8.6 ± 0.8 M"^ ), sec-C^ Hg(8.1 + 1.0 m"^ ), 
Cy-C^ Hg(6.60 + 0.23 M ^ ). However, in the case of PhCH^ OOCo(dmgH)^ Py, 
the electron-withdrawing effect of the benzyl group indeed lowers the 
Kg value to ca. 1.9 M ^  which is smaller than that for all n-alkyl-
(aquo)cobaloximes. 
The substitution inertness of axial ligand L in ROOCo(dmgH) 
permits the measurement of K» for various axial ligands. A series of 
(CH^ )^ CHOOCo(dmgH)with increasing basicity of L show this tendency: 
L = H^ O (Kg=1.0 + 0.5 L = Py (7.6 + 0.3), L = NH^  (44.4 ± 2.4). 
Again, the better electron-donating ligand leads to a greater value 
of Kg. The piperidine complex is an exception: although piperidine 
is the strongest base of all, it possesses a value of Kg, 28.8 + 1.0, 
smaller than that for (CH^ ) ^CHOOCo(dmgH) 2^ 2 « The relatively rigid 
and bulky structure of piperidine may cause steric hindrance to 
limit the efficiency of its coordination to the macrocyclic cobalt. 
Even though it is a stronger base than ammonia, it contributes a 
poorer electron donation and causes a smaller Kg. 
Concurrent Pathways for the Formation of Ketone and Hydroperoxide 
The consecutive mechanism given in Equation II-7 could be true 
only if the alkyl hydroperoxide decomposed to ketone as soon as it was 
formed from the decomposition of alkylperoxycobaloxime, since the forma­
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tion of the ketone and the disappearance of the peroxy complex were 
found to occur at the same apparent rate. This induction clearly 
disagrees with the NMR results. Which show that both ketone and 
hydroperoxide coexisted in the reacted solution and were stable for 
more than 24 hours. 
The concurrent pathways through which both ketone and alkyl 
hydroperoxide are established to be primary products are proposed as 
Scheme II-2. Its rate law is formulated in Equation 11-34, wherein 
[ROOCo]^  represents the sum of the concentrations of ROOCo(dmgH)gl. 
Scheme II-2 
^1 _ ^1 
r,+ 
+ 
Rg- C- 0- 0-Co (dmgH) + H  ^ Rg-C-O-O-CoCdmg^ Bg)!' 
H H 
Rg—C— 0-0— H 
drROOCo(d!!igH),L] (k^ + 
JZ = (—^  =^ -T )[RO0Co] 
1 + Kg[H^] 
and ROOCoCdmg^ H^ )^  ^at a given time t. In addition to the evidence 
from the NMR experiments, the kinetic studies of the ketone formation 
using the GLC technique also support this mechanism. It may be 
mathematically rationalized as follows. Integration of Equation 11-33 
gives Equation 11-34. 
[ROOCo(dmgE)gL] = [ROOCo]^  exp(- (11-34) 
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The rate law with regard to the formation of ketone is in the form of 
Equation 11-35. 
"obsd^ 
Integration of Equation 11-35 yields the equation 
[ketone] = (: hi ] I 1 
(11-36) 
Plotting [R00Co(dmgH)2L] vs. time and [ketone] vs. time according to 
Equations 11-34 and 11-36, respectively, gives graphs which are ex­
ponential curves changing with the same half life: t^ y^  = In. 
Therefore, Scheme II-2 indeed agrees with the observation that the 
peroxy reactant is consumed with the same apparent rate constant as 
ketone grows. 
The parameter k designated for the decomposition step in Scheme II-1 
now is a composite of k^  + k^ .^ The Eyring relationship thus has to 
be rewritten. 
_ AW AR' _ AW /«• 
RT r , ~K. . ~T1P. ,~HP., k = kj, + k^  = [exp(-^ )exp(-^  + exp(-^ )exp(—)] 
(11-37) 
Since the right-hand side of Equation 11-37 is a sum of exponential 
terms, the plot of In (k/T) vs. (1/T) is not necessarily linear any­
more. In Figure 11-17, the data indeed exhibit a slightly upward 
curvature but may be represented as a straight line within experimental 
error. The calculated M^ , 118 kJ-mole and 93 J«mole 
X. 
though have only limited physical meaning; the very positive ÛS"^ , 
however, implies that the decomposition undergoes a dissociative process. 
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Reaction Mechanisms 
Several alternative mechanisms leading to the same kinetic equation 
are considered. The common features possessed by these mechanisms are: 
(1) a preequilibrium of protonation on the oxime oxygen preceding the 
decomposition of the peroxy complex(es); (2) the formation of ketone 
and alkyl hydroperoxide by parallel and independent pathways; and (3) a 
unique cobaloxime(III) product with the retention of the axial ligand. 
Since both of the protonated and unprotonated peroxy complexes could 
be subjected to deccmposition, a general form of four possible routes 
is illustrated in Scheme II-3 using the 2-propyl system as the repre­
sentative. 
Scheme II-3 
If the four processes are incapable of further distinction, the fol­
lowing equations apply: 
(CH ),CHOOCo(dmg H )L 
H„0 / 
(CH,)^ CHOOCo(dmgH) L + H ? 
(CHg)^CO + EgOCoCdmgH)^!'^ 
(CH^ )^ CHOOH+ H^ OCoCdmgH) 2^  
k obsd (11-38) 
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[Ketone]^  kj + 
 ^ (11-39) [Hydroperoxide]^  _l_ ^ 1^ 
The relative yields of the organic products were determined by imr spectro­
scopy and/or iodometric titrations, Values of both the numerator and denomina­
tor of Equation II-39 thus can be evaluated by the combination of Equations 
11-38 and 11-39. For the 2-propylperoxy complex, = 3.3 x 10 ^   ^
3.3 X 10  ^and + kj^ K^  ^= 4.7 x 10  ^and its deuterated analogue, 
3.8 X 10  ^and 4.3 x 10 respectively, are acquired. The signifi­
cant isotope effect for the ketone pathway(s) shown by the data will be 
discussed later. These values for several other peroxy complexes are 
summarized in Table 11-25. They afford inçortant information for 
further resolving possibilities suggested by Scheme II-3, \rtiich will 
also be discussed in the following sections. 
Table 11-25. Kinetic parameters for the individual pathways from 
Scheme II-3 for ROOCo(dmgH) 
V Tf _ 1 HP HP -1 
V" J. - V— -I. V—IT -
"A ' '1B"H "A • "B "H 
;-l q-1 
2-Propyl Pyridine (3.4 + 0.2) x 10 ^  (4.6 + 0.2) x 10 ^  
d^ -2-Propyl Pyridine (3.8 + 0.4) x 10 ^  (4.3 + 0.3) x 10 ^  
2-Butyl Pyridine (3.3+0.3) x lO"^  (6.0+0.3) x lO"^  
2-Propyl Water < 5 x 10 ^  0.25+0.01 
2-Propyl Peperidine (3.1 + 0.4) x 10 ^  (7.5 + 0.5) x 10 ^  
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Mechanism of Ketone Formation 
The discrepant values of + k^ K^  ^for the 2-propyl and the 
d^ -2-propyl analogous systems, shown in Table 11-25, manifest a 
substantial deuterium kinetic isotope effect for the ketone pathway. 
Expressed as a ratio, k^ (H)/k^ (D) = 8.9 + 1.5. This result indicates 
that the breaking of the C-H bond in the alkyl group must be important 
in the rate-limiting step. The main feature in the decomposition of 
the peroxy complex leading to ketone is the 0-0 bond cleavage. Since 
the axial ligand on the cobalt complex affords little effect in this 
process according to the kinetic data in Table 11-25, a solvent proton-
assisted mechanism is proposed, and the activated complex is depicted 
below: 
( C Dg )2 --D-
V O 
A 
I 
L 
On the basis of this formulation, the bimolecular reaction of the un-
protonated peroxy complex with H^ O" is believed to be the dominanc 
pathway in forming ketone, and thus k^  = k^ K»^ . With known values of 
Kg for each peroxy complex, k^  can be compared: 2.55 x 10 ^  M  ^
(2-C a^ OOCo(dmgH)^ Py), 2.39 x lO'^  (2-C^ HgOOCo(dmgH)^ Py), 3.2 x lo"^  
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(2-C^ D^ 00Co(dmgH)^ Py), 8,9 x 10"^  (2-C^ H^ 00Co(dmgH)^ pip), and < 5 x 10" 
(Z-C^ H^ OOCoCdmgH)^ OH^ ). 
Mechanism of Hydroperoxide Formation 
In contrast to the ketone pathway, the kinetic parameter, 
HP HP -1 kgp = k^  + kg , for the hydroperoxide formation demonstrates 
absolutely no isotope effect. The k^ p vaiuet> for R = 2-propyl, 
(4.6+0.2) X 10 and d^ -2-propyl, (4.3+0.3) x 10  ^are 
virtually the same. The ratio of kgp(H)/k^ p(D) thus being 1.07 is 
hardly surprising, since no C-H bond is broken during the forming of 
hydroperoxide. 
The values of k^ p listed in Table 11-25 increase with the bulky 
alkyl group and strongly basic ligand except that the aquo complex, 
which reacts extraordinarily rapidly. Without considering this ex­
ceptional case of L = H^ O temporarily, this reaction may be again ex­
plained by the attack of solvent proton at the peroxide oxygen bound 
to cobalt. The inductive electronic effect caused by both the electron-
donating group R and the basic ligand L may give a higher rate. 
HP , . ..... , ,HP 
The values of k^  also can be estimated by neglecting k^  , being 
3.51 X 10"^ S'^  (2-C H^OOCo(dmgH)gPy), 3.70 x lO'^ S"^  (2-C^ D^ 00Co(dmgH)^ Py), 
4.41 X 10"V  ^(2-OOCo(dmgH)^ Py), and 2.16 x 10"V^  
(2-C^ H^ 00Co(dmgH)^ Pip). The axial ligand effect is much more severe 
than that in the process of ketone formation. This is because now 
the Co-0 bond which is closer to the axial ligand is cleaved in this 
pathway. 
136 
The reaction for the aquo derivative evidently involves a dif­
ferent mechanism. Since water is a very weak base compared to other 
nitrogen-coordinated ligands, it transmits very little basicity to the 
macrocyclic ring. Consequently, the h}iro%yl group of oxime for the 
aquo complex is more acidic and capable of transferring the proton 
intramolecularly to the peroxide oxygen to motivate the cleavage 
of the Co-0 bond and then the hydroperoxide formation. The following 
activated complex is proposed for this process. 
On the basis of this consideration, the pathway of and not kg 
is suggested to be predominant for the hydroperoxide formation, and 
R + 
OHg 
HP 
k^  = k^  is 0.25 + 0.01 S"^  
HP A — 
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GENERAL SUMMARY 
The method of chemical competition, based on the homolytic decomposi­
tion of organo(pentaaquo)chromium (III) complexes, has been proven to be 
suitable for the kinetic studies of the chemistry of highly reactive 
radicals, particularly the novel reactions which occur too slowly to be 
studied using radiation techniques, 
2+ A quite unusual reaction between V(H20)g and the free radical, 
-C(CH^ )20H, in which the latter functions as an oxidizing agent rather 
than in its more customary reducing role, has been discovered. The 
II 2+ 
same radical also reacts with Co ([14]aneN^ ) to form the organocobalt 
species. 
The secondary-alkylperoxycobaloxime is decomposed to ketone and 
alkyl hydroperoxide by parallel pathways in aqueous perchloric acid. 
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